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THE REASONABLENESS OF SCIENCE! 


By Professor W. M. DAVIS 


HARVARD UNIVERSIT\ 


A FABLE oF THE TIDES 

NCE upon a time—for science also has its fables—there dwelt 
Q a hermit on the shore of the ocean, where he observed the 
tides. He measured the period and the range of their rise and 
‘all and, patiently tabulating his records, discovered 
tides run like clock-work. The interval between two hig 
was determined to be about 12 hours and 26 minutes: 
from low water to high water was found to vary systematically, 
being greater one week and smaller the next, the total variation 
running its course in 14 days; more singular still, the high tides 
were found to exhibit an alternating inequality, such that, if they 
were numbered in order, the even-numbered would be stronger 
than the odd-numbered for two weeks and then the odd-numbered 
would be stronger than the even-numbered for two weeks: this 
eycle of alternating inequality completing itself in 28 days. The 
hermit then wishing to extend his observations, decided to travel 
overland to another ocean and learn whether the tides behaved in 
the same way there also. 

Now at the same epoch, but far away in the center of a great 
continental desert, a recluse lived in a eave, thinking and refleeting. 
One problem in particular engrossed his thoughts. He knew New 
ton’s law of gravitation, and he asked himself what other conse 
quences ought to follow from it besides the revolution of the planets 
around the sun and of the moons around their planets. He at last 
convinced himself that if the earth and the moon attract each 
other, the moon must produce a system of what he ealled earth 


deforming forces, disposed in such a way as to strain the earth’s 


Oration delivered at the annual meeting of the Harvard Chapter of P! 
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crust, tending to raise it on the sides of the earth towa 
and opposite the moon, so that at any one point on 
earth, the crust should be raised twice in a lunar day 
12 hours and 26 minutes; also, that similar but wea 
deforming forces produced by the sun should be combi 
those produced by the moon so that the resulting total] 
the earth’s crust would be stronger and weaker ew 
and furthermore, that as the moon is north of the sky 
one half of a lunation and south of it for the other half 
you dwellers in roofed houses are so little acquainted wit} 
as not to know of your own seeing that the moon’s 
carry it obliquely across the sky equator and back 
month !—but as the moon does move in this manner 
saw that the deforming forces which tend to raise 


] 
Ti 
i 


at any point must exhibit a sequence of alternating 
every 28 days. And beside these rhythmic variatio 
more than half a day, in 14 days, and in 28 days, h 
several other variations of even longer periods. But | 
tions also showed that the rhythmic forces were too w: 

the stiff earth’s crust perceptibly. ‘‘If only.’’ he thought 
self, ‘‘some large part of the earth’s surface were cov: 
deep sheet of water, surely the deforming forces would 
yielding water sheet rise and fall every 12 hours and 26 
with a variation of range every 14 days, and an alter 
equality of rise every 28 days, and so on.’’ He thereup: 
to travel into other regions and learn, in case a vast sheet ¢ 
were anywhere discovered, whether it really did exhibit 
changes of level-in systematic periods such as, according 


ealeulations, it ought to exhibit. 


OBSERVATION, INVENTION AND DEDUCTION 


Tne 


Curiously enough it happened that about this time 


reached a caravansery where he met an alert-looking ind 
aah 
naci 


who proved to be an inventor—not an inventor of 1 


of hypotheses and theories and explanations. The hern 
mnd ASKE i 


him about the tides and their periodic variations, a1 
‘*‘What do you suppose makes them go?’’ The inventor thought 


‘*Perhaps the tides rise and fall becaus 


moment and then said: 
Old Mother Earth is slowly breathing; or perhaps, inasmuch 4s 


you say the tides vary every 12 hours and 26 minutes, or tv 
é; ae . Ton 
in a lunar day, they may possibly be driven by the moo How 
ean they be driven by anything that is so far away in the sky 


whv should one moon make two high tides in one luna! 


r< 


asked the hermit. Just then the recluse came in and, app 


ry 


the other two, inquired: ‘‘Can you tell me whether ther 
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where a vast sheet of water covering a large part of the earth?”’ 
‘Ves, there is,’’ said the hermit; ‘‘it is called the ocean. I have 
lived on its shores, observing the periodic rise and fall of its waters 
in the tides and I was just asking the inventor here if he could 
tell me how they are caused.’’ The inventor repeated hi 


eestion that the tides might possibly be eaused by a 


" , 
| ; 


breathing, but that they were more probably caused by 


‘‘Well. as to that,’’ exclaimed the recluse, ‘‘T ean tell vou how the 


tides ought to run if the moon has anything to do with them. The 
moon ought to produce two high tides on opposite sides of the 
earth, so that as the earth rotates, the tides at any one point ought 
to rise and fall twice in a lunar day, as you say they do; not only 
so, they ought to be extra strong every 14 days at new moon and 
at full moon, because the sun also must have a share in producing 
them: and besides that, the high tides ought to show an alternating 
inequality in a period of 28 days; and’’—The astonished hermit 
interrupted—‘‘They do exactly that,’’ he eried, ‘‘but how in the 
world did you know they do so, if you have never seen the ocean ?’’ 
‘I didn’t know they did,’’ replied the recluse, ‘‘but I was econ 
vineed that if the earth had an ocean its waters ought to have 
rhythmie oscillations of the kind I have deseribed, because don’t 


t ’ 


vou see——’”’ and he proceeded to explain his caleulatio 


_ 


VERIFICATION 

‘‘What are you men talking about?’’ said a sedate-looking on- 
looker of judicial aspect. So the hermit, the inventor and the 
recluse all repeated their stories to him. He pondered a while 
and then remarked to the inventor—‘‘It looks very much as if 
your hypothesis about the moon’s driving the tides were correct, 
for it is hardly conceivable that the consequences of lunar attrac 
tion, as thought out by the recluse, and the period of the tides, 
as observed by the hermit, could agree so well unless the moon 
and the tides stood in a veritable relation of cause and effect; but 
the hypothesis needs modification because, as the recluse has 
pointed out, the secondary variations of the tides show that the 
sun also has something to do with them.’’ ‘‘But,’’ interposed the 
recluse, ‘‘there should be, besides those already mentioned, still 
other periodic variations in the tides if they are really caused by 
the moon and the sun, and it will demand of the observer at least a 
year to detect some of the longer ones.’’ ‘‘Take your time,’’ said 
the judicial onlooker, ‘‘go back to the ocean and make a long series 
of records, not only at one point but at many different points on 
widely separated coasts; and come back here for a second confer- 
ence 10 or 20 years hence. We may then reach a well established 
conclusion.’’ 
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And thus it came to pass that, after long series of tida] 
servations had been made in many parts of the world. al] 
rhythmie consequences deduced from the moon-and-syy +¢) 
were so fully confirmed by their correspondence with the obser. - 
periodic variations of the tides in the ocean, that—in short 
ended happily: all the world was convinced that the moon and 
sun really do drive the tides. 


THE Four-Facutty ProcepurE oF MopEerRN Science 


But the moral of the fable is yet to be told. The moral is tha: 
the observant hermit, the alert inventor, the thoughtful reelys 
and the judicial onlooker represent not four different individuals 
but only four different mental faculties in a single individua 
the trained man of science, who uses his powers of observatio1 
discover the facts of nature, his inventive ingenuity to propos 
various possible hypotheses for the explanation of the facts. | 
power of logical reflection to think out, or deduce, from 
hypothesis, in accordance with previously acquired, pert 
knowledge, just what ought to happen if the hypothesis we 
and his impartial faculty of verification to decide which hypot 
if any, is competent to explain the observed facts. In view of 
leading part taken by these four faculties in scientific investig 
tion, we may speak of science as involving a four-faculty procedw 
But the fable must not be taken to mean that every scientist | 
all his faculties developed to the full strength needed for the 
work; one man may be a patient observer but not active-mi 
enough to be a good inventor of hypotheses ; another may be 
genious inventor of hypotheses, but too impatient to be 
observer and too flighty to be a good deducer, and so on. Nor 
it be understood that the several faculties work independently 
a matter of fact, now this faculty, now that is called into p! 
irregular sequence, and very frequently they are summoned 
conference with one another. If it were not that the phras 
preoceupied in another connection, we might call such confer 
‘*faculty meetings.’’ Furthermore, it must be pointed out 
replacement of mental deduction by experiment is ess 
problems of certain kinds; that is, the faculty of inventior 


+ 
) 


ant 


called upon, after proposing an explanatory hypothesis, 
special artificial conditions under which natural processes 
themselves be permitted or constrained to determine the e 
quences of the hypothesis; but mental deduction usually 


Ws 


. ’ ° . rat “2 , len 
panies or follows experimentation, and therefor probl 


which experiment enters may still be included under fou 


science. 
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THE FALLIBILITY OF SCIENCE 
Unfortunately, in all steps of science from observation to veri- 
fieation, mistakes may be made, errors may creep in. It would be 


profitable to examine some of the more common classes of errors 


; 


nto which scientific investigators are led by the imperfection of 
their faculties; and it would be still more profitable to set forth 
the safeguards by which the danger of making errors may be les 
sened. Brief comment on observation and verification may be 
made in these respects. Errors commonly associated with ob 
servation result from the unconscious extension of visible things 
nto inferred things, and from the attempt to establish general 
izations on too narrow a basis. Consciousness of the danger of 
these errors goes far toward eliminating them. The most common 
errors associated with verification are a tendency to adopt an 
imperfectly supported conclusion instead of maintaining a sus 
nended judgment, and an unwillingness, indeed an inability to 
change an adopted conclusion after it has been invalidated by new 
evidence. 


+) 
Mi 


As to the latter cause of error it may be said that, if proficiency 
comes from practice, it would be almost worth while occasionally 
to lead advanced students to a false conclusion and leave them in 
t for a time, so that they might have actual practice 

their minds when corrective evidence is later brought forward. 
Indeed, scientifie training ean hardly be regarded as completed 
intil it has included the necessity of giving up a cherished opinion. 
The experience is distinctly an unpleasant one; it causes mental 
listurbance to the point of sleeplessness; but it is profitable in pro 
moting the maintenance of a mobile state of mind. Time forbids 
further consideration of this aspect of scientific methods; but | 


+ 


must again emphasize the undeniable and regrettable fact tha 
in spite of all efforts in training and safeguarding the mental fa 
culties, it is still impossible to avoid all errors, because scientists 
are fallible; for if mistakes can be made with respect to anything 
so manifest as visible facts of observation, they are still more likely 
to be made when it comes to the invisible facts of theory. The 
marvel is not that mistakes of both kinds are made, but that, ir 
spite of man’s undeniable fallibility, so great a body of scientific 
conclusions still holds good, especially with regard to what I have 
just called the invisible facts of theory. Let me say a few 

on that point. 

THE NATURE OF THEORIZING 
There is a popular prejudice against the use of th 

faculty, ordinarily called theorizing. Theorizing alon 
theorizing, is certainly of little value; but trained theoriz 
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proper association with trained observing is absolutely 

to scientifie progress. The chief reason for this is that 
serving senses are of limited power. We soon reach the 
that many facts of nature elude direct observation, eithe) 
their medium is inherently transparent and intangible, o: 
their dimensions are submicroscopic, or because their t 
currence lay in the irrecoverable past. And yet all Tt 
observable phenomena are in their own way just as m 

of the natural world as observable phenomena are. If{ 
really to understand the natural world, surely those of 
nomena which are not immediately detectable by our limit 
must be detected in some way or other; and the way 
ployed is—theorizing. No single observable fact is a ¢ 
tity. The world is not so simply constituted. The 
inquires into the nature of an observable present-day fa 

one becomes persuaded that it is in some way or othe: 
something else that, for the reasons just given, is not obser 
and in such an inquiry one soon becomes convinced that the 
thing else is, in spite of our not seeing it, or hearing it or 
it, in short not sensing it, just as truly a fact of nature as tl 
sible fact from which our inquiry started out. The sensib! 

are discoverable by our senses, the insensible facts by our thoughts 
The invention of hypotheses is therefore nothing more th 
mental effort to bring insensible facts into causal relation 
sensible facts, and such an effort of correlation is praisew 
even if it is daring. 

Now hypotheses when first invented are as a rule not onl) 
complete, but are also without assurance of being true, espec 
with regard to insensible facts. Of course they must explai 
observed facts that they were invented to explain; they wo 
deserve no consideration at all if they did not do that! But bef 
any one of several competing hypotheses is accepted as tru 
must do more; it must explain facts that it was not invent 
explain, facts that were perhaps not known when it was invent 
and it must do this consistently with all previously acqi 
knowledge, so that the new explanation shall cohere with the older 
ones. Not until these exacting demands are satisfied should the 
correctness of even the best of several competing hypotheses 


accepted. It therefore remains, after several hypotheses have | 


invented, to determine which one of them, if any, is right; 
is, to determine whether the imagined insensible facts of any 
of the hypotheses are truly counterparts of actual insensible facts 
That important task is accomplished, as was shown in the t 
problem, by mentally deducing all the logical consequences of 
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hypothesis and then matching them with appropriate sensible facts. 
1? the consequences of a hypothesis are numerous, peculiar and 

mplieated, and if, even so, they succeed in matching equally nu 
asus peculiar and complicated facts, a good share of which 
were unknown when the hypothesis was invented, then it is highly 
nrobable that that hypothesis is true. 


Let me add that it is this demand for the verifica 


; 


vpothesis after its invention that especially distinguishes modern 


from primitive science, as I shall later show more fully; 


mee 
nd it is chiefly because of the demand for verification that the 
modern progress made in the daring search for insensible f 
has been so great. Errors are still made, because scie 
still fallible; but instead of pointing, I will not say the ‘' 
scorn,’ but the thumb of reproach at science for havin 
for still making errors, we should rather marvel at 
particularly in revealing to us the nature of the unse 


ble world, as in the inconceivably small subatomic elee 


sibl 
ms which enter into the composition of the material substances 
of the world; or in the existence of the marvellously tenuous, 
elastic, and immaterial medium, named the luminiferous ether, by 
which radiant energy is conveyed through what we e¢ empty 
interplanetary and interstellar space; or in the event of the past 


history of the earth’s surface, which were visible enough in their 
time, but which are now irrecoverably invisible. 
THE CREDULITY OF SCIENCE 

It is not to be denied that much credulity is called for in this 
daring search for the unobservable facts of the natural world. 
Science, however, is not alone in credulously building up an un- 
seen world to complement the seen world. That has been done by 
non-science also for ages past. But the credulity involved in the 
two eases is unlike. In the latter the credulity is whimsical, fan- 
tastic, irresponsible, incoherent; in the former it is orderly, con 
trolled, rational, coherent. During the progress of the human 
race from savagery toward enlightenment, fantastic, incoherent 
credulity is slowly replaced by rational, coherent credulity. The 
belief in witeheraft is a good example of irrational credulity. Let 
me give you an equally good example of rational credulity. The 
solution of the tidal problem involves a belief in the force of gravita- 
tion, by which two bodies like the moon and the earth or the sun and 
the earth exert a pulling force upon each other. We are familiar 
with the exertion of a pulling force through material substance, as 
when one pulls a heavy body with a rope; but the attraction of the 
sun upon the earth is exerted through what appears to be empty 
space. Yet in spite of the absence of anything to pull with, the 
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sun’s attraction is strong enough to pull the moving 
tinually into the curved path of its orbit. Hoy 

or cable do you suppose would be required to represent 
form, the pull exerted through empty space by the sun o1 
If the cable were made of ordinary telegraph wires, the v 
have to be planted all over the earth’s dise about as clos 
as grass roots in a lawn, and even then the wires would by 
almost to breaking strength in compelling the earth to 
a straight tangent into its curved orbit. Scientifie credul 


that marvel. It believes that that enormous pull is exert 


sun on the earth through space that is empty of all mat 
stance, even though no adequate physical explanation is 
as to how the pull can be exerted. Credulity of a cert 
therefore highly characteristic of science and of sci 
1] 


OUS 


it leads them to believe marvels quite as marve 


were ever believed in unscientific ages. 
THE SCHEME OF THE GEOGRAPHICAL Cyc! 


Let us now turn to an altogether different example of s 
inquiry, a geographical inquiry concerning the distrib 
plants and animals over the earth’s surface. Climat: 
portant factor in controlling their distribution. Now 
varies not only from equator to pole but also with alti 
sea level. Lowlands are warmer and as a rule drie! 
lands. But a lowland may, it is believed, be changed té 
by the gradual upheaval of its part of the earth’s crust 
believed further that a highland thus produced must 
of time be worn down to a lowland again by the still mo: 
processes of erosion. A warm lowland with a moderat: 
may therefore be upheaved into a cool or cold high! 
greater rainfall; and after the forces of upheaval have « 
cool and rainy highland may be very slowly worn down to 
and less rainy lowland again. Evidently there must be ch 
the flora and fauna of a region while it is undergoing thes 
of altitude and of climate. As a lowland is raised into a |} 
and its climate modified, its former flora and fauna ean not 
because they can not accommodate themselves to the new 
conditions. They are therefore replaced by immigrants fr 
neighboring highland or from some lower land nearer 
Likewise the occupants of a highland ean not survive 


of climate that take place as it is worn down to a lowla! 


+} 


< 


, 


are therefore gradually replaced by invaders from some ot 


land not too far away. It is instructive to note that these 
of the earth’s surface, slow as they may be, are faster 


than the evolutionary changes of plants and animals. 


S 


Her 





THE REASONABLENESS OF SCIENCI 


long view of the earth one would see its plants and animals not 
onlv undergoing their extremely slow evolutionary changes, but 
iso making somewhat less slow migrations, prompted by a 


au 


companying the upheavals and down-wearings of its surface; and 


the present distribution of plants and animals is believed to be 
simply a transitory phase in this long succession of changes. 

How different is this problem of the cycle of geographical 
hanges from that of the tides. The rapid changes of the tides are 


rectly observable; they are moreover periodic and their changes 
in therefore be observed over and over again; and both they and 
their cause are susceptible of quantitative mathematical treatment. 
The changes of the geographical evele are so slow that they can not 
be followed, they can only be imagined; and there is no reason 


for believing that such evele of chanee are accomp! shed 


definite period, nor indeed that any given cycle will run its 
without disturbance; the downwearing of a highland 


course 


lowland may be interrupted during its progress by a new upheaval. 


Moreover the asserted extinctions and invasions of plants and ani 


‘ 


mals following the changes in the climate of their habitat are only 
nferences. In a word, this scheme of the geographical cycle is in 
ts very nature highly speculative. Why then should credence 
be given to it? For the very simple reason that only by believing 

can a host of present-day observable facts, inorganic and or 
ganic, be brought into reasonable relations. In short, the scheme 
of the geographical cycle is believed because it works; and there 
fore, like many other scientific conclusions, it is an excellent ex- 
ample of pragmatie philosophy. But how venturesome is a scheme 
n which the observed facts of to-day constitute so small a fraction 
of the total phenomena! On the other hand, for those who have 
the seientifie faith to believe that such changes as those involved 

the scheme of the geographical cycle have actually taken place 

the evolution of the present aspect of the earth, how admirably 


facts of theory! 


does this scheme give us examples of invisible fa 

And in spite of their being deeply buried in the past, how won 

lerfully are those facts recovered, at least in their general nature 

by taking that mental action which, although it does not add a 

ibit to our physical stature, does add immensely to our under- 
standing. 

THE NATURE OF SCIENTIFIC DEMONSTRATION 

But what does a man mean when he says that he believes the 

of the geographical cycle, with its imagined yet unseen 

nges of land forms and its inferred yet unobserved changes in 

distribution of plants and animals. He ought not to mean 


that the truth of the scheme has been absolutely proved, but only 
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that it has been given a very high order of probability; for ; 
is, as a rule, the nature of what is often called scientific demo 
tion. He ought to recognize also that many generalizatio; 
which the argumentation of the scheme rests are likewise not 
lutely proved: for example, the persistence of the present 
order of natural processes through hundreds of millions of y, 
of past time; to sayg nothing of the unbroken continuity 
itself! Who ean prove the truth of those generalizations 
solute sense? Nevertheless one accepts their truth becausé hy 
after due inquiry, that they too appear to have a hig! 
probability. 

Now what is the common feature in the problem of 
and the problem of the geographical cycle, and in all other 
tific problems, in virtue of the possession of which they 
to be called scientific? Evidently not the subjects that thes 
for the subjects of scientific study are remarkably divers: 
common feature inheres not in the content of the probler 
their method; and the common feature of their meth 
quality of reasonableness ; that is, a spirit of free inquiry 
no prepossessions are aecepted which are not themsely 
scrutiny, in which the conclusions reached are followed 
they lead, and in which a revision of conclusions is made 
it is demanded by new facts. Science is therefore not fi 
more than it is infallible. It is a growth, and its growth is by 
means completed. 

Science had indeed only very gradually grown to be t 
faculty procedure that it now is. In very primitive tin 
mere observation of facts without inquiry as to cause was | 
as far as science could then be carried; it was only a o1 
procedure then. Somewhat later simple generalizations regard 


facts that resembled each other may have been made; a! 


generalizations framed by individuals may have advanced to tr 
generalizations. Indeed it seems quite possible that some 


tribal generalizations of one-faculty science, for example 
things that are good and bad to eat, may have been establis 


} 
t 


our anthropoid ancestors before they deserved to be called 
But even the most primitive tribes of men now living seem 


i two-rac 


turies ago to have advanced into a second stage 0 
science, in which the invention of explanatory hypotheses is 


to observation and generalization. Even the lowest savages now 
known try to explain many of the things that they see by ! 
them to other things that they either see or do not see, and they t! 
establish to their own satisfaction relations of cause and effect 
the effect is explained by a visible cause, well and good. 6b 
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the stage of two-faculty science, the effect is explained by 


nvisible cause, what then ‘ 
THe Two-Facuuty PRocEDURE OF PRIMITIVE SCIENCI 

In striking contrast with present-day four-faculty scier 

ch verification is so essential, the earlier two-faculty stage of 
ence accepts its hypotheses without any adequate verificatory ‘ 


Its explanations do not have to explain more than they 


ry. 
invented to explain, and they do not have to cohere with 
If they explain the facts that 
Naturally therefore 
le 


vere 
viously acquired knowledge. 
were invented to explain, that is enough. 

e two-faculty stage of science represents a phase of human 
opment in which whimsical, incoherent credulity flourishes, the 

| of eredulity which I have already referred to as unscientific, 
ise it is so unlike the orderly, coherent credulity of four 
eulty science. But I now wish to treat that incoherent credulity 
another way; to regard it as the inevitable accompaniment of 


‘ 


two-faeulty science, and henee just as appropriately an element 


l, eo 


n early stage in the evolution of science as the rational, 
It S as 


herent credulity is of the present, more advanced stage. 

between the primitive one-faculty stage, which was reasonable 
is far as it went, and the present four-faculty stage which seems 

those who have reached it completely reasonable, there had 
been an unreasonable two-faculty stage in the evolution of science. 
The three stages are so unlike that one might hesitate to call them 
ill scientific ; just as one hesitates to give a single name to a eater 
pillar, a chrysalis and a butterfly: and yet the first two stages are 
n both eases the essential antecedents of the third. In any case 
the two-faculty stage of science was as reasonable as the two- 
faculty scientists could make it; and that is all we four-faculty 
scientists ean say of our own stage. 

THE NaturaL History or GoopNEss 

This may be made clearer by illustration. At the opening of 
my address I outlined the problem of the tides as one which modern 
four-faeulty science has carried to a well established quantitative 
solution. This was followed by the problem of the geographical 
‘yele which, although avowedly very speculative, has been ad- 
vanced to a qualitative solution at least. I wish now to consider a 
third problem, which illustrates remarkably well the gradual de 
velopment of inquiry in ancient times, and also the difference of 
certain conclusions reached by two-faculty science that was in vogue 
then from those reached by four-faculty science that is current now: 
and this problem has the further value of illustrating the optimism 
of science, for it leads to a conclusion concerning mankind that is 
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full of hope. The usual name for the subject of this third , 
is the science of ethics; I propose, however, to eal] it 
terms the natural history of goodness. There is noth} 
what I have to say on this old subject, although I may ¢ 
emphasis to some of its aspects. | 

The facts which this branch of natural science treats 
in the body of opinion held by the different tribes and 
the world concerning things which they regard as right and \ 


that is, in their moral codes, and in the actions which they 


or condemn. Different people have different codes, and 


of the same people changes with the passages of time. 
are the tragedies that have been enacted when a mor 
people, arrogantly assuming the justice of its ow 
ruthlessly violated the code of a weaker people. 

eal side of the science includes a search for the sou 
different elements of each tribal or national code. for 

by which the elements of a code are slowly modified 
forces by which good thoughts and acts may be foster 
ones suppressed. The natural history of goodness is t! 
concerned with the concrete opinions and actions of ordi: 
in commonplace, every-day life, and has nothing to do w 
stractions of metaphysies regarding absolute and eternal 
In that respect it might be compared with the natural hist 
mathematies, which would portray the efforts of early 


tal 


gradually and tentatively developing the multiplication tabl 
would have nothing to do with the metaphysical pre-existe: 
everlasting verity of 7 times 9 being 63. For in the same way 


} + 


natural history of goodness would, if it could, describe 
recognition and the later modification of various ethical prir 
by certain peoples in certain places at certain times unde! 
conditions, but it would take no acocunt of the metaphys 
that all ethical truths are eternal, as if they had existed 
selves somewhere in the interstellar spaces of the univers: 


fry 
( 


ages awaiting recognition. 


THE ETrHics OF THE CHILDREN OF ISRAI 


The few illustrations of this great subject that I | 


present will be taken from the Old Testament, th 
record of the intensely human struggle made by 2 pri 
ignorant people in their advance from savagery to barbar 
very primitive they were; and in no way more primitn 
eandidly recording their frequently scandalous behavio1 
sophisticated people would have taken care to conceal! t! 
but the Children of Israel were savagely naive. The 
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of the Pentateuch and the ones next following, contain 


lant material for study in announcements concerning thing 


Ss 


| 
iu 


to be right or wrong as affecting food and hygiene, property 
ind, eattle and slaves, safety of life and limb, and social inter- 
ise. The good things are sometimes directly stated, but they 


more often to be inferred as the opposites of bad things that 


None of the announcements are more striking than those which 
e to do with the taking of human life as a punishment for va- 


In the time of Noah this important 


man 


+ 


roblem was treated simply and concisely: 


JLO 


or 


irst 


‘ous kinds of wrong-doing. 


‘*Whoso sheddeth 


's blood, by man shall his blood be shed’’ (Gen. ix, 6). But 


hat early pronouncement was elaborately modified in the time of 


foxes and afterward. It was then still ordained in general terms 


hat ‘‘thou shalt give life for life;’’ but it 
the one hand that, besides offenses of bloodshed, various other 


was also ordained 


fenses should also be punished by death, and on the other hand eer- 
offenses of bloodshed should not be punished by death. As to the 
them being for example 
or mother, for which a 
xxi, 12-17); and here 


t. a number of offenses are listed, among 
the smiting or the cursing of one’s father 
man ‘‘shall surely be put to death’’ (Ex. 
the use of the word ‘‘surely’’ seems to imply that the Children of 
Israel were sometimes too lax in the punishment of such offenders. 
{s to the second group of offenses, a time came when careful dis- 
netion was made between intentional and accidental manslaughter. 
Thus if one man thrust another out ‘‘of hatred, or hurled at him, 
ving in wait, so that he died,’’ that man is a manslayer and ‘‘the 
enger of blood shall put the manslayer to death, when he meeteth 
him.’’ This command is emphasized by the suggestive addition: 
Ye shall take no ransom for the life of a manslayer (Num. xxxv, 
20, 21, 31). But a man who ‘‘killeth his neighbor unawares, and 
hated him not in time past; as when a man goeth inio the forest 
with his neighbor to hew wood, and his hand fetcheth a stroke with 
e axe to cut down the tree, and the head slippeth from the helve, 
and lighteth upon his neighbor, that he die;’’ then the man is not 
yorthy of death, inasmuch as he hated not his neighbor in time past 
Deut. xix, 4, 5,6). At an early time one witness seems to have 
een sufficient to prove a man to be a manslayer; but in later time 
is said: ‘‘At the mouth of two witnesses or three witnesses, 
shall he that is to die be put to death; at the mouth of one witness 
he shall not be put to death’’ (Deut. xvii, 6). What good, homely 
common-sense this is! 
ANCIENT AND Mopern Views or IsRaAeuitic Eruics 
[t would appear from these and many other passages, especially 
hose concerning their wars, that the Israelites must have been in- 
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deed a violent crew; but it appears also that they mad 
plicit and frank record of their views concerning right 

Now if we examine their records as contributions to 
history of goodness in an era of two-faculty science, wi 
ask ourselves among many other questions, not only what 
views of the Israelites concerning good and evil, but also hov 
gained their views, and how they came to establish, as a 
controlling their actions for the common weal, rewards 
and punishments for evil. As a matter of fact, investig 
this large subject has been carried on earnestly for a cent 


more, and in a truly scientific spirit; that is, reasonably a 
an open mind. I propose to compare, or rather to contrast 


conclusions reached by modern students of the subject under t 
four-faculty procedure, with the opinions held by the Israe! 
themselves under their two-faculty procedure. 

The Israelites’ view was, if we are to take their records lite: 
that their understanding of good and evil as well as their 
for the reward of good and the punishment of evi 
by supernatural revelation; and this view was 
Christendom in later centuries. The modern view, 
widely adopted now, is that the Israelites derived th 
and their decrees concerning good and evil in a perfect 
way from a perfectly natural source; namely, from thei 
feetly natural experience, the same source from whic! 
human knowledge is gained. The decrees and comma: 
were not sudden acquisitions, but merely expressions of th: 
and customs gradually developed among the people and fi 
by their leaders. In comment upon these two views 
noted that the ancient view originated among a primitivs 
eruel, self-centered people, very ready to adopt extrdaord 
supernatural explanations for simple occurrences, becaus¢ 
in the stage of two-faculty inquiry they did not apply, they 
know how to apply independent verificatory tests to 
potheses, but naively believed them if they explained 
they were invented to explain; and that the modern view bh 
gradually developed in later times by many broadl; 
students of human history and human nature, who have gat! 
a vast amount of information not only about the ancient Is! 
but also about many other primitive peoples, ancient and n 
students who have examined that information reasonabl) 
spirit of free inquiry, who have at every step in their mquir 
their best, according to the procedure of four-faculty s 
verify their explanations and who have therefore reach 
conclusions carefully and critically, intelligently and sympat 


eally. 
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GROUNDS OF THE MODERN VIEW 

Some persons here present probably hold the earlier one of the 
two views, and some the later one; but however my audience is 
livided in that respect, it is more likely a unit in not habitually 
looking on the Old Testament as affording material for the scien 
tifie study of the natural history of goodness, and as therefore not 
regarding it as affording fit illustrations for the third example of 
scientific inquiry, which I am now outlining. There seem never 
theless to be cogent reasons for looking on it in this way. One of 
these reasons is that the Old Testament, especially its earlier half, 
vives so excellent an idea of the manner of life led by the Children 
of Israel. The records are as a whole unconcealedly human in tell 
ing of friendships and quarrels, of generosities and meannesses, 
of honorable acts and of dishonorable acts; hence they give an in- 
valuable picture of the views of a primitive people on moral ques 
TIONS. 


Furthermore, when the books of the Old Testament are read 


particularly when they are read in a polychrome edition which dis 


tinguishes the various sourees from which the successive books are 
eompiled—the understanding of good and evil there recorded is 
seen to exhibit very distinctly an evolutionary progress, such as is 
found from studies of other peoples to be characteristic of the 
natural history of goodness in general ; witness the citation already 
made about manslaughter; witness also the declarations conecern- 
ing food. In the time of Noah it was said: ‘‘ Every living thing 
shall be good for you’’ (Gen. ix, 3) ; and this is much more primi 
tive than the later declaration in the time of Moses, when sharp 
discrimination was made between the cloven-footed, cud-chewing 
animals which might be eaten and other kinds of animals which 
might not be eaten (Lev. ix; also Deut. xiv). It may be noted in 
passing that a belief in the evolutionary development and progress 
of mankind greatly simplifies the vexatious problem of the existence 
of evil in the world ; for much of the forbidden behavior or wicked 
ness of a later era is thus seen to be only a continuation of the per 
mitted behavior of an earlier, less advanced era. 

Finally, the Old Testament records of the Children of Israel 
may be taken as affording proper material for the study of the 
natural history of goodness because they show the Israelites to be 
so very like other savage races. They justified themselves as a 
chosen people; they ascribed bad qualities to their enemies whom 
they really resembled rather closely; they saw mysterious omens 
in commonplace events; they regarded dreams as messages from 
an extra-human source; they were miraculously visited by good 
and bad spirits; they took their own very human convictions to 
be revelations and commandments from their local tribal god; and 
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to that god they attributed, but in a higher degree, t 
human qualities; not only wisdom and goodness and 
also forgetfulness, repentance, hatred and revenge 

the Children of Israel are so like other primitive tribes ¢| 


1 


must evidently be studied just as other primitive tribes a 


SUPERNATURAL AND NATURAL INTERPRETATIONS 

Now in reviewing the reasons thus briefly set forth for regard 
ing the records of the Old Testament as affording fit mater 
the study of the special branch of human evolution here 
consideration, it is interesting to notice that the same reasons | 
to the rejection of the older view that the knowledge of eoo 
evil gained by the Israelites was derived from a supernatu 
source, and to the acceptance of the modern view that it was sin 
a summation of their own human experience. Indeed, whe 
Mosaic books are read in a rational, scientific spirit, without prey 
session, the marvel is that they can be interpreted in any other way 
That the Israelites should have introduced supernatural elen 
into their records, as when they explained the Ten Commandment 
by revelation, is inevitable in view of what is now know: 
ing the natural history of goodness among all primitive peop! 
the stage of two-faculty science ; and that they should have 
these supernatural elements as true is thoroughly charact 
of the incoherent credulity that prevails among primitive peop 
under the two-faculty method of establishing beliefs 
things. But that the supernatural elements of these 
primitive beliefs should have been accepted as true by 
tians during nearly all the centuries of Christendom is 
than marvellous; or perhaps I should say, would be 
than marvellous did we not know that through all those 
a great part of the beliefs of Christendom were domn 
faculty science. 

Consider, for example, the decree concerning a serva! 
earned his freedom by six years of service, but who the: 


j 


his master. his wife and his children so much that he d 
to zo out free and leave them: in that case ‘‘his master s! 
him . . . to the door, or to the door post; and shall b 


ear through with an awl; and he shall serve him for « 
xxi, 6). Boring a hole through a man’s ear with an 


} 


seem to be a very simple, a very human way of marking 
is therefore unduly credulous to believe that this and other 


decrees had a supernatural souree, even if they are prec 
the introductory statement: ‘‘And the Lord said w 
these are the judgments which thou shalt set before the 


of Israel’’ (Ex. xxii, xxiii). No such introductory stat 


TY 
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-en before similar decrees in Deuteronomy xv. One is indeed 
tampted to think that the words, ‘‘ And the Lord said byw 


which various paragraphs in the Pentateuch open, were hardly 
ntanded to be taken literally. 


THE TREATMENT OF ENEMIES 

inything more is needed to show the utterly human nat 
f the Mosaie decrees, it is found in the narrow limitation of 
»ommandments: ‘‘Thou shalt do no murder Thou shalt 
’ for manifestly these rulings applied only to ne 


teal 


} ehbors ana 
fallow tribesmen, not to enemies. As to enemies, commands were 
-epeatedly given, as if from the Lord, to kill them wholesale. ever 

‘heir women and ehildren; and to steal from 


them everything 
they possess. The advance of the 


Israelites to the promised land 
under Moses and Joshua is a horrible story of rapine and blood 
shed; the plain and pitiless story of ruthless savagery. Samuel is 
probably remembered by most persons nowadays chiefly as a gentle 
little boy, who, wakened from his sleep by the 


eall of the Lord 
Samuel ii, 10 
manhood, was 
e idea that the Lord gave him a message, a hide 


answered, ‘‘Speak, for thy servant heareth’’ (1 
vet it was Samuel who, when grown to 


POSSeSS “| 
1 | 
with t} tS messare 
» Saul, to smite the Amalekites ‘‘and utterly destroy 
nd spare them not; but slay both man and woman, 
suckling, ox and sheep, camel and ass.’’ And because Saul 
s army, after killing every man and woman, infant and sucklir 
spared Agag the king of the 


XP? 


Amalekites and kept the 


l best of the 
ind sheep for themselves, ‘‘then came the word of the Lord 
into Samuel, saying, It repenteth me that I have set up Saul to 
» king and Samuel was wroth’’ and had Agag br 
him and hewed him in pieces with a sword (1 
on 

3 


mugen 
) 


Samuel 


A GREAT DEsT TO ScIENCI 


We have sadly to admit that horrors of those k 
ightfully characteristic of human | 


prog ress from 


} 1 1 
nas have beer 


savagery ana 
barbarism all over the world: and also that such horrors | 


frequently 


regarded by the people who committed them as aecept 
directed by their local tribal deities, as they conceived 
it must have been a heavy burden to Chr 

to believe that the loving, fatherly God of the New T 

the same god who led Joshua in his bloody wars 
Samuel to give that hideous message to Saul. 


1 
ible to or 


them : but 


al 


[t is a great blessing 
that the progress of modern scientifie inquiry and the spirit of 
rationalism that has grown with it have relieved Christian faith 
of that burden. Science has truly benefited the world 

ways, but it may be doubted whether any other benefit 


VOL. XV.—14 
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from scientific rationalism is so great as the liberation of 
tianity from the reproach which it fully deserved so long as 
cluded a literal acceptance of all the teachings of the Old Tos 
ment, in spite of Christ’s preaching a religion of brothe 

in the New Testament. 

But you may ask, is it truly to science that the world , 
great benefit? Has science indeed anything to do with thes 
ligious matters? It has of course to do with the eart] 
stars, with plants and animals, with steam and electricity ; 
what right does science concern itself with questions of good 
evil? It does so by the same right, precisely the same right 
studies the tides as governed by the moon and the sun. a) 
changes of earth’s surface when lowlands are raised to 
and when highlands are worn down to lowlands. For the ¢ 
and thoughtful study of mankind discovers many facts of 
and faets of action coneerning things that are regarded 
bad ; and all those facets, which together with their causes ; 
quences are included under the natural history of go 
just as properly open to scientific inquiry, that is, to unpr 
reasonable inquiry, as any other facts in the world. N 
the feeling that science is a trespasser on such ground is of 
and also the allied feeling that science is too cold and | 
with such questions. Let us see. 

THE CONFLICT OF RELIGION AND SCIENCI 

First, as to scienee being a trespasser when it touches 
with which religion has traditionally dealt. Much has be: 
about what is called the conflict between religion and se 
eause of that conflict lay not in the trespass of se! 
proper field of religion, but in the trespass of religi 
proper field of science. Religion attempted, while 
ing, to dictate beliefs concerning the age of the eart 


y 


and the antiquity of man, and many other mundane ma 


tters 


is more natural than that science, as it developed, should « 
conflict with the trespasser; and what more manifest 
that. in so far as geology and organie evolution and othe! 


subjects are coneerned, the conflict should have result 
complete conquest of those subjects by science from rel 


wholesome defeat of religion, or rather of the misguided 


f what was lone thought to be religion, would not ha 


oT 
place had the advice of St. Augustine been followed. 
‘*It very often happens, that there is some q 


long ago: 
to the earth or sky, or the other elements of this w 


i : ‘ ee 4 RaMene 4 
specting which one who is not a Christian has knowled; 


from most certain reasoning or observation, and it is very 
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j J 


ful and mischievous and of all things to be carefully avoided, that 
a Christian speaking of such matters as being according to the 
Christian Seriptures, should be heard by an unbeliever talking 
«ach nonsense, that the unbeliever perceiving him to be as wide of 
the mark as east from west, can hardly restrain himself from 
laughing’’ (Thus quoted in Osborn’s ‘‘From the Greeks to Dar 


wll 


Will not a modern St. Augustine arise and make a similar state 


ent econeerning the natural history of goodness? I wish he would 


for all human thoughts and acts are, like human anatomy and 
physiology, the product of natural evolution. Just as surely as all 
questions of a geological or astronomical or biological nature have 
ow been permanently acquired from religion by their respect 
ciences, so conquest will be made of all questions conee 
d wrong by that division of science which eoneerns 
atural history of coodness as a matter of purely huma 
contrast to goodness as a matter of supernatural re 
ereat and growing, though still young branches of m 
ll eontribute powerfully to this conquest; they are e 
sychiatry. I hope that some speaker before this society a hundred 
ars hence will review the practical eontributior by tl ne mar 


to human betterment by these young giants. 


*RUE SCIENCE IS NEITHER COLD NOR 


As to the other idea that seienece is too cold 


Some YTrol 


th moral questions, there is to my regret 
nion. It is probably based on the behavior of cert: 
ho, having made, as far as they have gone, no serious 
s, have not been enlightened by the baptism of 
who are therefore harshly ¢ 


» at , — ' 
their Conclusions, They ntrodue 


ethods of thought into daily intereo 


i 
1 are lozieal when tl ey ought to be ¢ 
they ought to be sympathetic; in short, 

ws, and they do seience a disservice. 

nded person would hesitate to trust scient 

leeisions on delicate problems of right 
other hand, even the best of science is 

tle reason by certain sentimental and emotional persons who, 
lining on soft couches of prejudice and downy pillows of prefer 
ence, are intellectually too indolent to face the problems of life 


fairly and squarely ; too unreasonable to subject their opinions to 
andid serutiny ; too undisciplined to change their beliefs ever 
the light of compelling evidence. They know nothing of the ealm 


and clear spirit of free inquiry; they are unwilling to follow free 
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inquiry to an unwelcome econelusion; for example. they 
philosophy of evolution beeause, as they fastidio isly 
they do not like the idea of being descended from mo key 
not believe we need take their condemnation of science 
eold and hard any more seriously than their rejection of 
because they do not like it. 

No, the natural history of goodness lies manifest], 
field of scientific inquiry, and true scientific inquiry W 
either cold or hard in reaching conclusions about 
inquiry will, indeed, remove from the minds of intellig 
at least, a very cold and hard religious view of ane 
the effect that punishment, either in this world or 
best means of suppressing evil; and will also remove, 
equally primitive view that rewards, either in this 
heaven, are the best means of promoting good. And 
in passing that the dependence of the Israelites largely 
ishment, and frequently upon very harsh punishme 
of improving human behavior is another of the n 
for the human origin of their code of morals. It 
that erude views regarding the wish for reward 
punishment should have been characteristic o 
peoples, just as they are still characteristic of! 
modern peoples. But it is clear enough to-day that 


ment is often unsuccessful in the prevention of evil 


pectation of reward, especially of distant reward, is not 
cessful in the promotion of good. There is great 
something better than reward and punishment as a 
improving the world. 

Can the scientifie study of the natural history of 
cover something better? It ought at least try 
the belief that it will do so lies the optimism of scie 
take a long time to reach results. For as I hav 
the natural history of goodness includes a study of t! 
which good thoughts and aetions may be encour 
ened, and bad ones inhibited. How will the studs 
doubtedly by the standard scientific method of obs 
tion, deduction including experiment, and \ 
reasonably. The facts to be studied are, of cour 
very unlike the visible and periodic variations of 
trolled by the moon and the sun, and very unlike t! 
bution of plants and animals as a consequence of the 
visible, non-periodie changes of the geographical eye 


certain appropriate means have been found for s 


problems under the four-faculty proceedure of 


+ 


equally appropriate means will. it must be hope 
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solution of this human problem. Efforts toward its solution by the 
rrent methods of improving personal and public morals as a part 
eligious training will of course be continu d: but | nop they 
supplemented by systematic instruction in ethies as a branch 


| history than of pl osophy ls and lleg 


nAaTIII 
acute 


GoopNEss TAUGHT by I { ASI 
In such instruction the nature of the subject should 
-rsonal gener: 
‘thod which Louis 


me m 


lv of zoologv. which 


1 
7 ve) T? 
nto the Site 


plied to the study of law, and which is now 


tne Harvard Graduate School of Business 


hest means of ineuleating sound business 

natural history of goodness lends 

method of presentation ; for its 

tions of concrete examples of various kin * behi ir, coneerning 


which the pupils may make th 


elr own Judgments and generaliza 
rons: and such eolleetions of ex imples may he rr ea ‘rom ele 

entary to advanced, so as to afford excellent material for indi 
vidual exereises from early school vears onward. it in the 
meantime, while such instruction is going on, the specialists in this 
branch of natural science must extend their investigations by carry 

y their observations over a great number of individuals, and by 
devising ingenious experiments concerning al ‘ts of pertinent 
conditions. 

Observation will be difficult because it will have to take account 
of the endless diversity in the dispositions and eapae of boys 
and girls, men and women; but it must not be neglected. Experi 
ments will be intricate, for they will operate slowly and be hard 
to follow; but they must not be omitted. Both observation and 
experiment must be directed in particular to determining how far 


the love of goodness and the hatred of evil can be e ivated and 


strengthened : and also how far the eultivated love of goodness and 


the spiritual happiness that comes from good dee cether with 
the cultivated hatred of evil and the spiritual distre hat comes 
from bad deeds, may be trusted as cuides to conduet, in preference 
to rewards for good behavior and punishment for evil-doing; and 
in this investigation due regard must be had to the age and the 
nature and the environment of the individual. Great results should 
not be expected, however, until a way is discovered to strengthen 
the will; and I believe the best way to do that will be to give it 
opportunity for action in a carefully devised and wisely supervised 
series of graded exercises, running all through school and college 


years. We are making a verv serious mistake in not introducing 





214 THE SCIENTIFIC MONTHLY 


systematic exercises for the development of the will, that is 


self-control, in our educational system. 
Objection will probably be urged against the 


proposit 


to teach goodness as a branch of natural history. It will be < 
that the omission of all mention of God is fatal to its aeeens 


i 


and its success. In my judgment, our relation to the Infir 


Lilt 


should be excluded from natural history and assigned to re] vic 


instruction, where it should be treated with the utmost reverm 
while the natural history of goodness should be taucht 


other branches of natural history are taught, entirely apart 


any idea of special creation or any miraculous interference 
the order of nature. But it should be taught with a gent] 
delicacy, a sympathy not to be imagined by persons who thi 
science as cold and hard, and of scientists as chiefly engage 
hammering rocks, dissecting animals and pulling plants to p 
Those who enter this branch of natural history, either as 
gators or as teachers, must strive to conduct themselves w 
wisdom of the judge, the true insight of the poet. when ne 
with the tenderness of a mother, and always with the infi 
tience of evolution itself. It is a great field and it des 


devotion of the best minds. 


THE GREATER FaitH or Devout BeELievers 

In order to illustrate the reasonableness of science I have 
you something of the tides as a very specific, quantitative 
matical problem of four-faculty science; and I have sketched 
scheme of the geographical eyele as a highly speculative pr 
in the qualitative treatment of which the four-faeculty p: 
has nevertheless been enecouragingly sneeessful. Finally I | 
outlined the natural history of goodness in order to exemplify tl 
broad range of moral questions over which the four-faculty met! 
of scientific inquiry may be hopefully extended. You will, [1 
accept the tides and the geographical cycle as problems of s 
interest and importance; but I hope you will regard the ! 
history of goodness as a much more interesting and a much mor 
portant subject of scientifie study, particularly as an illustr 
of the reasonableness of science. If you do so, I beg that you wil 
encourage the cultivation of that branch of natural history 
favor its introduction, by means of the ease method, into ou 


try 


cational system. There will be of course, as already int 
those who will say that, just as in replacing special creat 
evolution, so in replacing the revelation of goodness by its e 
ential development, we are acting as if we had _ lost 
as if we were unbelievers; but for my part I hold that we are 


acting as most sincere, most earnest, most devout believers 


having the greater faith. 
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ASTRONOMY IN CANADA 
By Dr. OTTO KLOTZ 


DIRECTOR OF THE DOMINION OBSERVATORY, OTTAWA 


ET me first extend greetings from my native country Canada 
L to our nearest and closest neighbor and friend—you of the 
ITnited States. Although two flags wave over our countries, there 
is only one celestial vault to cover us; the same stars smile on you 
as on us, and we both appeal to them to help solve the riddle of the 
universe. Our aims and our aspirations are, I think, > same 
the uplift of our people, the utilization of all our resourees for 
the common weal, the widest distribution of the amenities of life, 
but all founded on the eternal gospel of work. 

[ think we will find that the origin of all nation 
has been to supply a distinet want or need in t 

tion concerned. So it was with the Royal Observat 
wich and so it was with us. You will reeall that it 
the question of determining longitude at sea that deeid 
[I—in spite of the evil reputation he earned for himself—to com 
mand the Rey. John Flamsteed ‘‘to apply himself with care an 
diligence to improve the Table of the positions of the Fixed 
and Moon to find out the mueh desired Longitude 
the perfecting the Art of Navigation.”’ And so was 
Royal Observatory in 1675. No thoughts of abstract 
in the minds of its founders. I[t was founded for the 
Royal Navy, and that is its first object to the present day, alt 
ts field of activity has vastly expanded and comprises 
of research. Now a few words as to the origin of 
Observatory, the national observatory of Canada. 

The original Dominion of Canada as born on the Ist 
1867, comprised the four provinees of Nova Scotia, New | 
Lower and Upper Canada, or Quebee and Ontario. 

Columbia entered the Dominion, and amongst the terms of federa- 


tion was that Canada was to build a railway to and through the 


provinee to the Pacific Ocean, while British Columbia on her part 


would convey to the Dominion all lands held by the Crown within 
~ . > . , 

“0 miles of the contemplated railway. I may say here that there 
Subject matter given in an illustrated 


Académy of Arts and Sciences, Brooklyn, on 
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was some difference of opinion as to what 
naturally very sinuous railway of over 500 miles thro 
mountains. There was of course only one correct 
and that was the area covered or swept by a 20 mil 
tached at right angles to each side of a moving train. 
[It was decided by the Dominion Government that 
be aequired from British Columbia were to be coord 
those of the northwest, the survey of which was bas 
nomic positions. Although the rectangular systen 
the division of lands into sections. townships and rane 
from the United States, we in so far improved on it 
is connected and is a unit, extending from the Lak 
to the Paeifie, and from the International Boundary 
parallel to the Arctic Ocean, while in the United St te s t 
of the individual states, where the reetangcular svste: 
quite independent of each other, and henee lack eoord 
May I here, as I have mentioned the 49th parall 
about its survey, as the astronomer played ar 
therein. 
You know it’s so easy for diplomats sitt 
decide the fate of countries and their boundaries. 
the latter they are often in blissful ignorance of 
involved or of the people affected. Certainly not 
nicer on paper than a parallel of latitude, which 


definition. eurvinge around the earth. Lavin: 


eround, however, is quite another story. The ty 


engaged in this international work clearly recogn! 
that might and would arise in observing for latitude 
an understanding how to deal with the matter. 


The understanding—and a very sensible one—was 
observed latitude was to govern, quite apart from the « 
may be involved due to the defleetion of the plumb | 
servations themselves, about 50 years ago, being practi 
of error, were made with present-day accuracy. 

The line zigzags, responding to the varying attract 
placements of the zero of the level from normal. The gr 


placements were the ones to the north of 600 feet, 
traction of the Cypress Hills; and the other to the s 
feet, due to the attraction of the Sweet Grass Hills in M 
close to the boundary. That is, within a distance of | 
hundred miles we had a difference of 1,400 feet in the gra‘ 
effect due to the unequal distribution of matter along the 
line. This unequal distribution is not always visible as 1 
by the hills spoken of; it might be hidden underneath t! 
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urn to the story of the evolution of the Do» 
The lands of that 20-mile railway belt in B 
a were to be coordinated with the land system of the 
umediately east of the RKoecky Mountains. Meridians o1 
could not be projected over the mountains, so the railway itself 
on the eve of completion was made a base line by a special and v« ry 
aecurate survey. To secure its geographieal Position a } 
astronomie stations were established along the line, an 
was joined the special railway survey. Thereby every part of 


ne became known by its geographical coordinates and hence 
evs could be started where required for mines, timber or other 
purpose, and expressed in sections, townships and ranves. Thus 
was born astronomy, practical astronomy, in Canada as a function 
f the government. That little lamp iit in 1885 was tenderly cared 
or, fostered and developed and its usefulness extended so that 20 
vars later the government built the Dominion Observato: 
tional observatory of Canada, fully equipped for astro 
| astrophysical work as well as for some branches in 
work—seismology, terrestrial magnetism and gravity, abou 
which I] shall make some brief remarks. 
To the ceneral publie a dome IS a sine qua non for an ol serva 
tory, and yet the fundamental work does not require it. By 


mental work I mean the determination of the accurate position of 


the sun, the moon, the planets and stars. And that is essentially 


the work of national observatories for the use of navigators, ex 

plorers and astronomers engaged in other lines of work. This work 

s done with the meridian circle. As its name implies, it is mounted 
the meridian and is only movable therein. 

The big telescope, the equatorial that can sweep 
heavens from its dome, is particularly adapted for answer 
question of the little rhyme, ‘‘ Twinkle, twinkle, little star 
wonder what you are?’’ That’s it, what you are, not 
are (the meridian circle tells that), but what vou are 


compose your being, have you a companion, what is vo 


) 
ty) 


ure, your mass’—there are queries which the equate 
attached spectroscope answers. 

Our equatorial 15” is at present used exclusively for 
mination of radial velocity of stars forming binary s) 
means of the spectroscope. You all know the spectroscope, how 
prisms in it break up the light into its constituent rays. 
ts particular wave length, to be photographed on a narrov 
plate, together with some standard light. The motion of 
causes its spectrum to be shifted to or from fixed lin 


spectrum, depending upon the approach or recession 
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relative to the earth. The principle is the same as the ch 
pitch of a locomotive whistling when approaching or recedi) 
a station. A marvel of the spectroscope is the separatio: 
into a binary system when the most powerful telescope fail 
but one object, apparently the presence of only one star. 

The sueecess that had been attained in the determ/ 
radial velocities led the government to secure a telesecone 
greater light-gathering power and to mount it where the 
conditions were more favorable than at Ottawa, and part 
where there was an assurance of more clear nights in the ve 
obtained at the federal capital. Hence was built the Do) 
Astrophysical Observatory at Victoria, British Columb 
results already achieved there have fully justified the « 
The largest equatorials are invariably reflectors. The 
Mount Wilson, California, has a diameter of 100 inches, w 
the second largest, has a diameter of 72 inches or 6 feet 
the most spectacular and beautiful telescopic object in tl 
is the great nebula in Orion. Then there is the great 
Andromeda, the brightest one in the sky. Next we see t 
annular nebula in the constellation of Lyra, which m 
with even a small telescope. Contemplating these nebul: 
questions flood the mind to which but very few answers ar 
available. The spectroscope as usual forms our interlocutor 
gives us knowledge from the bright lines in their spect: 
they are incandescent gases under low pressure. 

Thus by means of the spectroscope revelation after rev: 
unfolded, and the fleet-footed messengers traveling at t! 
186,000 miles a second come to us after their long, long 


some hundreds of years, many even thousands of years a 
the weleome news of their distant homes. Let me mak 

sophieal and perfectly logical statement based on what I ha 
said, and that is that no astronomer could give you absolute 
anee that any stars that you may see to-night are really the: 
the news from the nearest one takes over four years to re 


tar 
tte 


that is, it would keep on shining for us four years a 
tinetion. 

Another wonder in the heavens is found in the dense 
clusters, and of these the most splendid in the northern sky 3s ' 
great cluster in Hercules, also known as Messier 13, in whieh t 
are more than 50,000 stars. 

Mentioning this number may surprise some or most of 


when on a clear moonless winter night you look on the sk) 
the 


will be tempted to say, ‘‘What myriads of stars stud 


vault.”’ That is poetie license. If you could count then 
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would never get as many as 3,000, possibly 2,000 as seen by th: 


naked eye, for there are not over 5,000 stars in the whole sky, 


thern and southern hemispheres, that can be seen with thi 
unaided eye. 

When you board a ship in New York bound for some foreign 
port, you have the utmost confidence of reaching your destination, 
but I am sure it never occurs to you that the astronomer has any 

ig to do with it. Yet it is his labors that supply the eaptain 
with the data, as found in a nautical almanac, to guide the ship 
over the watery waste. This astronomic work is undertaken by al! 
national observatories, the determination of fundamental star 
places. We also engage in this work. The instrument used is 
ealled a meridian circle, so named because it is mounted in the 
meridian, to which its motion is confined. During my own time 
the work of the astronomer has been greatly assisted by electrical 


devices. When I began observing—tell it not in Gath—half a cen 


tury ago, we recorded by eye and ear; that is, with pencil in hand 


and listening to the beats of a chronometer or clock the transit ot 
a star across the thread of a telescope was recorded. And what 
do we do to-day? The astronomer at the telescope turns a 
micrometer screw following the star, and in an adjoining room his 
observation is not only recorded but printed in hours, minutes and 
seconds and hundredths of a second on a continuous strip of paper, 
which can be copied at leisure the following morning. This cer 
tainly removes a lot of the drudgery of former days. 

The meridian circle is essentially the instrument that fur 
\ishes time ; although our daily life is regulated by the sun, yet the 
accurate time is invariably obtained from the stars, which can be 
far more accurately observed than ean such a boiling cauldron as 
the sun. Has it ever occurred to you that every time you pull out 
your watch and look at the time you are paying silent tribute to 
the astronomer? So does every factory whistle that summons to 
work and every church bell that summons to devotion. The time 
of all trains in the eountry is derived from some astronomer—the 
silent watcher of the skies. 

Although most investigational and research work is done 
amongst the stars, yet the most important celestial body for us, 
outside of our own earth, is the sun. Every living thing on this 
arth, vegetable or animal, life in any form, is but converted solar 
energy, crystallized sunbeams. We are nothing but animated sun- 
beams, which is a very good reason for giving us sunny disposi 
tions. When we once know more about the behavior of the sun 
how the firing is done and the stoking, what material is used for 


ating, and whether there is a rhythmie periodicity in the ae 
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tivities, when we know some of these things we will be a] 
cast the conditions upon the earth. 

The sun is under daily serutiny, and is attacked fro 
angles. We are studying its rotation and problems involy 
in, by means of the coelostat. The earth being a solid. ; 
of it revolves in the same time; but such is not the ease y 
sun, as it Is a gaseous mass, in consequence of which the e 
parts revolve faster than parts north or south thereof. T 
of rotation of the former is about 26 days, while the | 
require 4 to 5 days longer. The principle involved in d 
the rotation of the sun is the same as that employed in det 
the radial velocity of stars, the displacement of the |] 
spectrum caused by the moving body. Hence, if we obt 
taneously the spectrum of the two limbs or edges of 
one edge through the rotation will be approaching us 
other one will be receding; the amount of displace: 


\t LIS 


lines of the spectrum resulting therefrom will 2 
of the speed of rotation. Occasionally you see here t} 
Lights, not quite as brilliantly as we have them in ( 
sails more closely under the Great Bear or Dipper. T 
Lights or the Aurora Borealis are a manifestation of sola: 
shooting out negatively charged particles into spac: 
intercepted by the earth, which at its distance from tl 
stop but the minutest fraction of the matter rad 
electric glow to the outermost regions of our atmos 
countering there hydrogen and helium, giving the whit 
tinge to the phenomenon. When the electrically charg 
penetrate deeper and into the region having the prese) 
gen, the color becomes reddish. 

We are engaged too in the study of relative star 
and the variability of their light by photographic means 
seareely necessary to point out that magnitudes 
photographically and by the eye are not necessarily, 
generally, the same. The rays of light that are most eff 
vision are not the same as those most effective for p! 
] > + 


it 


purposes. For the latter the rays of shorter wave 
towards the blue or violet end of the spectrum ar 


in producing a photographie image. 
In the foregoing we have given but the briefest 


+ 


the purely astronomie work carried on in the observa 


but we engage too in field astronomie work, which was 


° . ‘ . © ats 4 ‘apant t 
in the vast expanse of Canada in which up to rece! 


were few accurate surveys, and hence the accurate 
properly 4 


points or places was necessary to put Canada 


ically on the map. 
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We use a Cooke portable transit of 3 inches clear aperture, 


nd a cement pier is always built for mounting it. The instru 


4 


ment is used both for latitude and longitude work, and such an 
nstrument it was I carried with me around the world some years 


avo, when I completed the first astronomie girdle of the world, 
ring the British Empire together astronomically. Whenever 
. electric telegraph is available we use it for the determination 
longitude. We always connect up our standard sidereal clock 
t Ottawa with the place where longitude is to be determined even 
when thousands of miles away, as in British Columbia. But when 
there is no telegraph line we now resort to wireless. This is a 
very recent innovation in astronomic work, and we applied it ex 
tensively last season in the Mackenzie basin, due to the discovery 

oil and the necessity of surveys, which had to be based on as 

momie coordinates. Let me but indicate the principle involved 
| this wireless longitude work. The wireless expert with his outfit 
by chronometer records the arrival of wireless time signals from 
anywhere; in the above case he recorded those from Balboa, San 
Diego, Annapolis, San Francisco, Honolulu and Cavite in the 
Philippines. At Ottawa with our wireless outfit we record the 
same or at least some of the stations. The astronomer who is with 


the wireless expert furnishes him with the accurate local time 


when the signals were received. Comparison later on with Ottawa 
lows the difference of time between the two places; hence the 
citude. It is to be observed that although the signals received 
me signals—but most of no high degree of accuracy—we 
reat them as arbitrary signals, simply as signals noted accurately 
two places. The question of the origin of the signal comes into 
usideration by a very minute quantity, %. e., the differenee in 
me it takes to reach the Mackenzie and Ottawa, as the vel 
f transmission of the wireless or Hertzian waves is 186,000 
i second, being the same as that of light. 

May I relate a little incident of the Mackenzie on our wire 
less. It is not astronomic, far from it, but rather worldly. On 
the 2nd of July last (it was on a Saturday) there came flashing 
over the earth news in which many people, even nations, were 

terested, and that news was as promptly and as soon received 

our expert in the boreal regions of the Mackenzie as it was 
‘obably here in New York, so near the souree. To couch it in 
istronomie terms, the news may be stated that in the binary sys 
tem Mr. Carpentier was the eclipsed variable: period | revolut ons 

12 minutes. 

By the hyperboreans our expert was looked upon as one suf 
fering from moral obliquity, but time later accorded him the ap 
pellation of the prophet of the Mackenzie. 
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Yes, the Dempsey-Carpentier fight was heralded in th, 
regions about as soon as in Brooklyn. 

The Dominion Observatory participated with Paris, Was} 
ton and Greenwich last summer in a wireless longitude deter 
tion for Australia in connection with the meridian boundary 
East, between South Australia and West Australia. The y 
less signals were sent from the Lafayette station at Bordes 
from Annapolis, and we recorded both. 

1 may mention that there is under consideration 
tional wireless longitude campaign around the world, by ; 
which we expect all countries to link up their longitudes 
this international net. We expect to attain such accuracy 


repetition, say in 50 or 100 years, will reveal a bodily shit 


crustal masses, such as the continents, a circumstance t} 
lieved to be and to have been in process for ages. This m 
for instance, America is moving away from Europe. 
national work Canada expects to cooperate, and she 
taking part in the International Astronomieal Unio 

in Rome next May, and for which the speaker has 
delegate to represent Canada. 

Beside the above purely astronomie work in whi 
minion Observatory is engaged, other scientific work f 
its sphere, consequent to the evolution of such work in Ca 
shall now make a rapid review of that work, which m 
be designated geophysies—comprising seismology, te! 
netism and gravity. 

Seismology, dealing with earthquakes, we may call 
of the sciences, for it is only within recent years t! 
obtained reliable records of earthquakes, so that we 
them in unknown regions or in the ocean with a fairly 
of precision. To give this a more definite meaning 
that if we have a decent earthquake—one that gets 
it ean be located, no 


} 


on the earth to give us a clean record- 
how far away, say within 30 miles. And furthermore, we 
termine the actual time to within two or three seconds. Th 
time of the occurrence of a destructive earthquake in the Im 
Valley, California, was better determined from earthquak 
thousands of miles distant than obtained on the spot. 
Fortunately for the determination of the distance of 
quake three different kinds of waves are simultaneously 
gated. Two of them travel through the earth, i. e., dip d 
the earth, while the third confines itself to the surface 
has its own velocity. We may compare these waves to thr 


sengers, starting at the same time to spread the news of tl 
quake. From many well-known quakes and their records wi 
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earned the speed of these messengers ; two of them have a variable 
cneed—the deeper they delve into the interior, any way to a depth 


bout a thousand miles, the faster they go. It is obvious, there 


fore, if we know the difference of time that it takes any of the 
two messengers to reach us, we know how far they must have 
traveled to produce that difference of time: hence we know the 
listance to the earthquake or epicenter, as it is called. To illus 
ate the principle in another way: An express train and 
reight train leave a certain place at the same time, with an aver 
ve speed of 45 and 30 miles respectively. You note their arrival 

New York and find that the freight arrived ten hours later than 
the express, which will show that each had traveled nine hundred 
niles, i. e., the starting point was 900 miles from New York. Quite 
simple. But what isn’t always so simple is to read the reeord, 

seismogram, to tell when the second and third meessengers 

irrived: the first one is generally easy to read because it begins 
‘rom a state of quiescence of the instrument, but the other two 
tak experience to decipher the hi roglyphs. it’s a vonderful 
tory these messengers write on our photographie record; they 
tell us where they have been, what the nature of the material is 
through which they passed, its density, its elasticity, a story as 
fascinating as that of Homer’s ‘‘Odyssey,’’ but not so easily i 
terpreted. Seismology is the new science that gives and brings 
is direct evidence of the interior of the earth, and it has defi: itely 
shown and proven that the interior of the earth is not and ean not 
e liquid, although at a very high temperature, because through a 
quid our second earthquake wave, which has transverse motion, 
‘ould not be propagated ; one can not propagate transverse motion 

water, but one can propagate longitudinal motion such as sound 
waves have, and this is the nature of the first wave to arrive. | 
1 solid both kinds of waves, however, are propagated. 

As to the cause of earthquakes: An earthquake is the 

stresses to which the earth is subjected. These str 
manifold. Some are cumulative like constant denudation. 
port of material from the land to the sea: some are season: 
the polar accumulation of snow, and there are stresses due to the 


rotation of the earth, temporary loading by atmospheric pressure, 


0 mention but a few of the contributory causes. Their occur 


nee or adjustment to equilibrium naturally is effected at the 
parts least able to resist the stress, and these are along fault lines. 


) . , ’ 
ud sores In the earth’s crust that are: not thoroughly healed 


healed by first intention, as the surgeon would say. We may, 


therefore, say very broadly: ‘‘No fault lines, no earthquakes.”’ 


Also the newer geological formations where things have not settled 
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down so permanently are more subject to quakes tha) 
ones. The prediction of earthquakes is by no means a 
proposition, in broad outlines, at least. 


Before leaving this interesting subject may I be pardon, 


} 


saying the Seismologieal Tables published by the Dominio, 


servatory are universally used in America and to some 
elsewhere. 

AS a by-product of the seismograph we have found 
records the pulsation of the ocean waves, i. e., we in Ott 
every wave of the Atlantic that impinges on the coast 
Hatteras to Newfoundland. The period of these waves \ 
about 4 to 8 seconds, and on the seismogram they look 
teeth. These pulsations are transmitted through the e 
earth. We have been able to link up these microseisms 
micros for short, with areas of low barometer on the Atla 
At Ottawa we are about 500 miles from the nearest sea 
it seems incredible that we receive through the earth these 
tions of the ocean. We have built and installed at Che! 
Halifax an instrument which I christened ‘‘undagraph’ 
writer, which counts and records every wave of the broa 
reaching the coast of Nova Seotia there, and that recor 
gram we correlate with the corresponding seismogram at 

The next subject in geophysies of which the Domi) 
tory has charge is terrestrial magnetism. That mea 
mination of the three magnetic elements, declination or 
of the compass as known to the public, inclination or dip 
magnetic intensity. Our work extends from the Atla: 
Pacific and we have occupied some five hundred stat 
of which these magnetic elements have been detern 
variation of the compass is the element most wanted 
needs it, so does the explorer, the navigator and 


‘ 


When the poet writes ‘‘as true as the needle to the 
guilty of poetic license of a serious kind. If a sea 

to accept that statement he would never reach his dest 
our work we find for instance on the east coast of 
needle points 35° to the west of true north and 01 
Island 25° to the east, that is, a range of 60° over Ca 
thirds of a right angle. It is very obvious that for thos 
a compass it is very essential that its declination from 
be known. Wnfortunately this is not a constant quant 


subject to an oscillating daily change and a slow 
both of which are quantities that we determine and appl) 
In order to assure accuracy we standardize our 1 
twice annually. The most accurate time is furnished by 


+ > } y 
a pendulum clock. But why does the pendulum \ 





etr y 
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pendulate, to coin a necessary verb? ‘‘It can’t help itself’’ would 


searcely be a scientific reply. It is the attraction of the earth that 
tends to restore it to its normal suspended position, the line of 
action of the earth’s gravitational force. This force is affected 
by the rotation of the earth and the combined effect we call gravity. 
The earth is not a sphere; hence points on the surface are at 
varying distances from the center. Again the centrifugal foree 
due to rotation is greater in the equatorial regions than north 
and south thereof; in short, for every latitude there is a particular 
foree of gravity, so that a pendulum that would swing or vibrate 
seconds in Ottawa would not do so here in Brooklyn. It would 
lose time here. You see you haven't got as much pull here (I am 
not speaking in a political sense) as we have in Ottawa, but you 
ire more apt to fly off the handle, to use a cant expression, be- 
cause nearer the equator. From the above statements it becomes 
evident that the pendulum, an invariable pendulum, gives us a 
means for determining the relative force of gravity on the earth, 
and thereby the accurate figure of the earth, its ellipticity, its 
fattening, as well as anomalies in the distribution of matter in the 
erust of the earth. This line of investigation is carried on too 
by the Dominion Observatory and we have about fifty stations dis 
tributed over Canada. The period of the pendulum, that is, the 
time of swing, which is about half a second, is determined to the 
one tenth-millionth of a second of time; let me repeat ten-millionths 
of a second of time, and this order of accuracy is shown when ob- 
servations are repeated at the same place and the interagreement 
s limited to the units of the seventh place of decimals. 

We now know the figure, +. e., ellipticity, with a high degree of 
aceuracy so that we can readily compute what the theoretical force 
of gravity should be for any given latitude; hence observations 
there will show the divergence or anomaly for that place, which 
means that there is an anomalous distribution of matter in and 
about the erust of the earth. When we speak of crust of the earth, 
we mean a thickness of about seventy-five miles, which brings us to 
the stratum of equilibrium or compensation. 

All mountains practically float in the earth, the ten or twenty 
thousand feet or more that they tower above sea-level are not sup 
ported by the crust it couldn’t do it but they float like an iceberg 
does in the ocean, which displaces as much water as its own mass 
above and below water. 

These gravity observations have disclosed some interesting facts 
about what is hidden underground, by the amount of gravitational 
foree or pull that the hidden mass or masses exercise. If there are 
huge deposits of iron ore, for instance, gravity would be increased, 
while large deposits of oil or gas or salt would have the opposite 


VOL. XV.—15 
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effect. The pendulum thus becomes a scientifie diyiniy gr 
may well say—a peculiar coneatenation—from the stars 
to earth accurate time, and that time we use to expres 
and from the latter divine oil. Perhaps it is fairer to « 
the positive statement of the pendulum is when there is 
of gravity, oil can not be present, for that always involves 
of gravity. | 
But there is a more delicate and more sensitive 


measuring differential gravity, and that is the torsior 


; 


means of which actual areas can be mapped out under 
cupied by oil or gas or salt, which has recently bee 
Europe, especially in Hungary. I am glad to state t! 
apparatus is now being built for the Dominion Obs 
it will be, I believe, the first in America for that purpo 

I shall refer to one other geophysical investigatio) 
we were engaged. Sir George Darwin many years ago 
that the earth was subject to daily physical tides, bes 
of the ocean, 7. e., that the earth was squeezed, was de 
the action of the moon, which is the main factor in « 
tides. 

Darwin tried to measure the minute quantity, 
account of disturbing factors on the surface of the e 
of Potsdam suceeeded by having his instrument in a 
beyond the effects of the daily heating of the earth, in 
value, but there was the anomaly, found too by the Rus 
that apparently the earth was more readily squeezed 
and south direction than in an east and west direction. 
tion was referred to Professor Love, probably the fore: 
nent in questions of elasticity, but no satisfactory solut 


‘ 


obtained. It was believed that possibly the situation of 


serving stations with reference to the ocean might pla) 
by the gravitational effect of the tide or heaped-up wat 
the horizontal pendulum which was the instrument used, 
by this same mass of water bending the ocean floor and pr 
slight tilting of the instrument. To settle this the Inter 
Seismological Society decided to establish several stations 


rs 
7) 
i 

+ 


‘ 


differing in their positions with reference to oceans. Canada ™ 


assigned a station. The war intervened, and we never me 
However, the problem was attacked by Michelson of the Univer 
of Chicago and brilliantly carried out on the grounds 0! 
Yerkes Observatory and in quite a different manner, by ol 
ing in 500-ft. 6-in. pipes partly filled with water the « 
level. For measuring the minute quantities an interf 

was used. that is. the wave lengths of light were the measur! 


rromete 
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was found that the earth respor 


i 


IS 


ly to the action of the moon. The eart] 
the rigidity of that of steel. The surface of the 


falls about a foot twice a aay, due to lunar at d sol; 


= . 


We are sitting on a long ‘‘teeter’’—6,000 miles long. 


of a little over twelve hours—unconsciously teeteri 


titut 


em much, yet in it is bound up the const 


iO] 


and of all objects in the universe what concerns 
the earth ? 

And now I have done. I have given you a | 
Astronomy in Canada’”’ the title of my address, 
ther scientific work earried on by the Dominio 
Euelid’s definition of a point is that which has position 
magnitude—with Canada it is about the reverse w 
phasis on magnitude. We are trying to give it posit 


nt place on the map of a progressive wor] 


and I am sure you good people to the sout! 
basking in sunshine these years, will weleome the kindred spi 
from the north, where we are trving to advance knowledg 


advance the various fields of development in which 


gaged, so that our work may be a credit to Canada 


to mankind. 
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THE TAR-BABY STORY AT HOME 
By Dr. W. NORMAN BROWN 


THE JOHNS HOPKINS UNIVERSITY 


L 
BOUT thirty years ago the late Dr. Joseph Jacobs poi 

that the ‘‘Wonderful Tar-baby Story’’ of Uncle Remus } 
a parallel in a tale of the Buddhist Jataka-book, where the mos 
salient feature of the Negro story, the ‘‘Stick-fast motif, occurs 
Since then students of folk-tales have discussed that story with a 
almost undue respect for his enticing theory that it originated 
India, passed to Africa in very early, perhaps prehistoric, tin 
spread over that great continent, and at last came to our sho 
deep-rooted in the souls of our Negro slaves. 

What is more, since Dr. Jacobs first expressed his 
additional evidence has become available seeming to support 
least the first part of his thesis, namely, that India is the ultimat 
home of the story, although other parts of his propositior 
been variously modified.* For example, it has been suggested 
the story did not reach Africa until comparatively recent 
say the sixteenth century, when it was taken there by Portugue 
sailors. Latest, a well-known American folklorist has fow 
Tar-baby story in the Cape Verde Islands attached to the ‘‘ Maste1 
Thief’’ cycle of tales—a cycle first presented to the Occident 
Herodotus in his account of the robbery of King Rhampsinit 
treasury. On the basis of this discovery, she has suggested a theory 
that the Tar-baby was originally a part of the Master Thief t 
that they both came from India to Western Asia and Africa 
proceeded thence to Africa. There the Tar-baby feature was cli 
ped or detached from the larger story and has since maintained a1 
independent existence.* The idea is ingenious, but it is too m 
based on unprovable hypotheses to be convincing. 

1 Paiicévudha-jataka (Jataka 55). Dr. Jacobs’ remarks 

the following of his books: The Earliest English Version « 
Bidpai, Introduction, p. xliv; The Fables of sop (Caxton’s ed 
pp. 113 and 136; Indian Fairy Tales, story of ‘‘The Der 
Hair.’’ 

2 E. g., see Dahnhardt, Natursagen 4, 27ff. 

3E. C. Parsons in Folk-Lore, 30: 227. Her theory 


Herodotus’ tale is not necessarily to be derived from an Indian soure 
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But the main question, that of Hindu origin of the Tar-baby, 
still remains unchallenged, and yet it is one that may well arouse 
scepticism. 

The story has been reported in print oftener from Africa, in 
eluding the Cape Verde Islands, than elsewhere—twenty-two times 
according to my own account, which is doubtless not quite com 


plete—and this, too, in spite of the fact that African folk-lore has 


been less fully explored than that of India. Nor is there any part 
of Africa where it has not appeared, as far as I know, unless it be 
Egypt. It has been brought to light ten times among American 
Negroes, fourteen times among American Indians, seven times in 
India, and twice in the Philippines.‘ 

Of these fifty-five versions fifty-two are ‘‘folk-tales’’ in the 
strictest sense of the word, that is, they are tales current orally 
among the illiterate folk, that have been secured by collectors from 
viva voce narration; further, they have been collected within the 
past sixty years. The other three versions are ‘‘literary,’’ being 
found in professed works of literature, and come from India. The 
oldest of these three may be earlier than the dawn of the Christian 
era, for it is included in the Samyutta Nikdya, a division of the 
Southern Buddhist canon containing a number of religious dis- 
courses ascribed to the Buddha. The second is that known to Dr. 
Jacobs, a story of the fifth century Jataka-book, which is a work 
portraying the Buddha’s experiences in a number of previous ex 
istences. The third is a brief parable in a medieval Jain text, also 
religious, called the Parsistaparvan. 

The story generally appears in a fairly well stereotyped form, 
showing a clever animal, in a few instances a man,* engaged in 
thieving, that escapes all efforts to catch it until the injured party 
—another animal or man—fashions as a trap an image made of 


ean be assigned an earlier date than any version of the Master Thief found 
in India; (2) No version of the Master Thief from India has the Tar-baby 
attached to it; (3) the Cape Verde Island tale is merely the usual tale con 
taminated by the Tar-baby idea, or at least the Stick-fast motif 

‘For a list of references to the Tar-baby see Parsons, |. c. But add the 
following: (1) for Africa: Barker and Sinclair, ‘‘ West African Folk-Tales,’’ 
p. 71; Nassau, ‘‘Where Animals Talk,’’ p. 23; Folk-Lore, 10: 282: 20: 443; 
21: 215; (2) for India: (a) literary: Samyutta Nikava, 5: 3, 7; Parisista 
parvan, 2: 740; (b) oral: Indian Antiquary, 20: 29, and 29: 400; Gordon, 
‘Indian Folk Tales’’ (2d ed.), p. 67. Mrs. Parsons has 
other versions from India, namely, that of the Jataka-book (lit und 
Bompas, ‘‘ Folklore of the Santal Parganas,’’ p. 325 (oral ! 
able reference from the Samyutta Niki va I am indebted 
lingame. 

* The Cape Verde Island stories and the Jitaka, but 
hero is not a thief (sec discussion below). 
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some sticky substance, such as wax, resin, rubber, tar, 0 
lime, which the thief mistakes for a living being. Often the 
is that of a female, thus subtly caleulated to play to the sex 
pulse of the offender, who is always a male.® Anxious to bee 
acquainted with this stranger, the thief accosts him (or he: 
persistently receiving no reply to his overtures, he strikes the 
and sticks fast, caught successively by hands, feet and head. 

is the Stick-fast motif.) There is usually a sequel in whie 


hero by a clever trick effects his escape. The only versions w 


depart strikingly from this general pattern are the three lit 
versions from India. 
II 

The case for India as the home of the Tar-baby story rests 19 
general upon two arguments. The first was thirty years ag 
major premise of nearly all studies in the history of folk-t 
it is that ‘‘ India is the home of stories.’’ Hence any version 
story that appeared in India was regarded as being truly 
home’’ there, and further as being the most original vers 
that tale. We now think differently. We concede that many sto 
of wide vogue were born in India; but we likewise mainta 
many other stories were probably born in Egypt, Sumeria, Mes 
potamia, Greece, China or other lands. No country ever had 
monopoly in the manufacture of fiction; and only the most stu 
born Indophile would argue otherwise. Hence there is no con 
pelling a priori ground for looking upon India as the home o 
Tar-baby. 

The second argument, however, is more cogent. It may 
stated thus: ‘‘ Because the Stick-fast motif, the heart of the Ta 
baby story, occurs in India at a time almost two thousand year 
earlier than it can be proved to have existed elsewhere, we must 
infer that both the motif and the story originated there.’’ At first 
sight this reasoning seems unanswerable. But is it? May it not 
rest largely upon accident? It is true that we have no occurrence 
of the motif or the story at the beginning of the Christia 
among the Negroes, the American Indians or the Filipinos, } 
for that matter we have no stories at all recorded for these peo] 
from that early time. The fact is that none of these three peoples 


6 The various forms of the story are classified by Parsons, 
version in which the victim is attacked through the sex impulse is t! 
penetrating psychologically and perhaps the older. The same is pe! 
of the fable of ‘‘The Ass in the Lion’s Skin.’’ In the Paifecatant 
destroyed because the sight of a she-ass arouses his innate lecherousn 
he brays. (To the Hindus the ass is the lecherous animal par e: 
some other secondary versions, notably the Jatuka, the ass merely 


and brays. 
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, literature; hence the first reports we have of 


nas 
eome from our own investigators working in moder} 
no folklorist would say that these folk were without pop 
two thousand years ago, to do so would involve the 
the very corner-stone of folklore studies. 

In brief the case for India is based for the most 
oneral theory that often fails in specific instances and o1 
line of reasoning that is three-fourths argumentum « 

we really need to substantiate a claim for India is these two 


things: first, proof that the Stick-fast motif and the Tar-baby 


’ 


story have a settled place in Hindu fiction ; and, secondly, a definite 


tracing of their course from India to the other lands where they 
@XIst. 
For neither the story nor the motif has a marked place in 
fiction. Look, first, at the three literary versions, remem 
bering to keep them distinct from the modern oral versions. In 
these three instances we see the motif present, although in every 
ease set in a story vastly unlike that of the Tar-baby. The oldest, 
that of the Samyutta Nikdya, says that there was in the Himalayas 
a pleasant place where men and monkeys lived. There a hunter, 
to eatch the monkeys, used to smear their paths with a sticky 
ointment. Those monkeys that were intelligent and not greedy, 
when they saw the ointment, would avoid it. But when a foolish, 
greedy monkey saw it, he would grasp it with his hand and then 
he would be caught. To release his hand, he would grasp the oint 
ment with his other hand; and it too would be caught. Thinking 
that he would release his hands, he would kick, but his foot would 
stick fast. So also would his other foot. Then he would bite, and 
his mouth as well would be held tight. Thus, ‘‘caught at five 
points,’ he would be taken by the hunter and killed. 

This tale is merely a religious parable with the moral attached 
that he who is ensnared by sin is held ever tighter and tighter until 
as last he is destroyed. The Jain apologue of the Parisistaparvan 
is only a poor retelling of this, wherein the moral, however, is 
more specifically, ‘‘Avoid women!’’ The remoteness of these 
parables from the Tar-baby story is apparent. In neither of them 
is the victim a thief; in neither of them is the sticky ointment or 
pitchblend made into an image or doll; in neither of them is there 
the escape. 

The other literary version, that of the Jataka-book, is very 
different from these two, although it also has only the Stick-fast 
idea in common with the Tar-baby. It tells how the Bodhisatta 

the Future Buddha), a prince skilled in the use of five weapons, 
encounters a notorious monster named ‘‘Sticky-hair.’’ The prince 
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attacks him with fifty arrows, but these all stick harmlessly 
demon’s hair; so too his sword, his spear and his club. Enrae 
he strikes the monster with his hand, but it, too, is eaueht + 
He strikes with his other hand, and it likewise is caught. He k 
his feet stick; and finally he butts with his head, and that 
is held fast. But, even though unable to move and appar 
at the demon’s mercy, the prince betrays no fear. ‘‘A ver 
of men is this prince!’’ thinks Sticky-hair. ‘* How is it,’’ h 
‘‘that you have no fear of death?’’ ‘*Why should [?”’ 
the Bodhisatta. ‘‘ Every life must have its end. Moreover 
body is a sword of adamant that will chop your inwards into m 
meat; and if you devour me, my death will involve yours aly 
Convineed, the demon frees him. 

This story, which perhaps contains a Buddhist satire on Br 
man ascetics and their characteristic matted hair, is also not a 
cording to the Tar-baby type. The hero is a man—the onl) 
stance where this is the case except in the distinctly secon 
version from the Cape Verde Islands, in which the Tar-baby ston 
has become ancillary to the great Master Thief tale. Further, th 
hero is not a thief; nor does his enemy entrap him with an imag 
but instead uses his own matted hair—another unique featw 
The escape is not by the subtle type of ruse common to the Tar 
baby story but by a bald, and rather unconvincing, *‘bluff.’’ 

Clearly these literary tales have but little in common with t 
Tar-baby story of fifty other versions; they merely exhibit an a) 
plication of the Stick-fast motif that is after all based upon simpk 
observation of the qualities of pitchblend or matted hair, and arose 
in India quite outside of the Tar-baby milieu. It may well be t! 
there is no genetic relation between them and the prevailing type 

But the case does not rest here. In addition there-are a num) 
of negative considerations that are of weight. If the Tar-baby 
story originated in India, we should at least expect such a gripping 
story to maintain a vigorous existence there. But it does not; it 
seems sterile. For, in the first place, the modern versions in India 
are not to be connected with those in the ancient literature. | 
one of them, for example, a farmer, to catch a jackal, buries a 
wax doll, the size of a baby. The jackal, thinking the grave co: 
tains a delicious corpse, digs up the doll and is caught.’ In another 
tale the god Mahadeo, seeking vengeance upon a tricky jackal 
fashions an old woman of wax on whose arm he places a basket of 
sweets. These the jackal endeavors to steal and is held fast." The 


7 Indian Antiquary, 29: 400. 
8 Gordon, ‘‘Indian Folk Tales’’ (2d ed.), p. 67. 
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other two modern tales are equally dissimilar from the literary 
versions and correspondingly close to the general type. Indeed, 
all four of these modern tales, none of which was reported more 
than twenty-five years ago, are to be traced back to African sources. 
having come into the country either directly with the Negroes lo 
eated chiefly at Bombay or else indirectly with the Uncle Remus 
stories that Occidentals tell to the natives and even translate into 
the local tongues.” 

In the second place, there is no evidence that India has given 
the Tar-baby story or the Stick-fast motif to those of her neighbors 
whom she has so generously enriched from her literary treasures. 
Vast numbers of Hindu stories have been taken to Tibet and China 
in literary form, similarly to Persia and Arabia, but in none of 
these collections, as far as I know, nor for that matter anywhere 
in the literatures of these people, does either our story or our 
motif appear. 

The whole crux of the matter on India’s side is that neither the 
story nor the smaller motif seems to grip the Hindu mind; they 
do not appeal. The religious parables were almost stillborn; and 
the oral fables themselves are already moribund, being but pale, 
anemie specimens in comparison with the fullblooded, vigorous tale 
of the Negroes. 

We must, therefore, count India out. 


iil 


Having rejected India, we must now determine, if possible, 
which of the other lands where the Tar-baby story occurs is its 
birthplace. The task should not be hard. Obviously, it is not with 
the American Indians, for there is no means by which they could 
have sent the story to Africa. On the other hand, it is almost 
axiomatic that they have received it with many more of their folk 
tales from the Negroes, often directly, in other cases through 
Spaniards, Portuguese, or other Europeans. The Filipinos ean be 
rejected on nearly the same grounds and with the same degree of 
certitude; while the Portuguese in the Cape Verde Islands seem 
to have got it from the Negroes. There is left only Afriea. 

And Africa is eminently suited to fill the needs of the situation. 
First of all, it is a plausible center for the story’s radiation. Slaves 
brought it thence to this continent; other Negroes, or perhaps the 
Unele Remus books, have taken it to India in modern times; still 
other Negroes, or possibly Spanish sailors, have planted it in the 


, See an illustration reprinted from one such translation facing page 300 
in Julia Collier Harris’s ‘‘The Life and Letters of Joel Chandler Hat ” 
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Philippines. These are the only people among whom it 
appeared, to the best of my knowledge, but if it should 
time appear among other peoples, I am confident that 
easy to uncover its tracks back to Africa. 

But more important is the fact that the Tar-baby 
that more than any other holds the Negro’s mind, and 
mind more than it does the mind of any other people. 
of the ‘‘genuine’’ versions are his. All negroes know 
it. A friend living near Baltimore tells me that he once |} 
named ‘‘Tar-baby.’’ The suggestive power of this name 
great that an old colored servitor of his, merely on seeing 
walk across the yard, would be thrown into violent fits of laught 
Other friends have told me of Negro servants who were ac 


with the Tar-baby story, and that too not from reading. 


is the common property of the black race. It is 
were, the climax of a great animal epic, the grand t} 
fiction. 

Fundamentally there is no reason why the Negro sho 
the creator of the tale. He has created others; at least he 
number of stories that seem unknown to other peoples. 
created the tale was bound to live and wander just as pers: 
though perhaps not so widely and quickly, as one that 
India or Babylonia or Egypt; for vitality and travel are 
qualities of folk-tales. Hence it has in time become one of 


7? 


Negro’s few contributions to the general eulture of the world 


10 For example, the story of the two an mals that make 
The one that can go without food the longer is to secure 
frequently the hand of some female. 
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LecturRE Il[I—Beres Souirary AND Socia. 


T those who are not entomologists the word ‘‘bee’’ naturally 


signifies the honey-bee, because of all insects it has had the 
most delightful, if not the longest and most intimate association 
with our species. Of course, the key to the understanding of this 
association is man’s natural appetite or craving for sweets and the 
fact that till very recently honey was the only accessible substance 
containing sugar in a concentrated form. It is not surprising, 
therefore, that man’s interest in the honey-bee goes back to pre 
historie times. He was probably for thousands of years, like the 
bears, a systematic robber of wild bees till, possibly during the 
eolithie age, he became an apiarist by enticing the bees to live 
near his dwelling in sections of hollow logs, empty baskets or 
earthen vessels. Savage tribes keep bees to-day and within their 
geographic range we know of no people that has not kept them. 
They figure on the Egyptian monuments as far back as 3500 B. C., 
and we even know the price of strained honey under some of the 
Pharaohs. It was very cheap—only about five cents a quart. 

The keeping of the honey-bee could not fail to excite the won 
ler and admiration of primitive peoples. It was at once recog 
nized as a privileged creature, for it lived in societies like those 
of man, but more harmonious. Its sustained flight, its powerful 
sting, its intimacy with the flowers and avoidance of all unwhole 
some things, the attachment of the workers to the queen—regarded 
throughout antiquity as a king—its singular swarming habits and 
ts astonishing industry in collecting and storing honey and skill 
in making wax, two unique substances of great value to man, but 
of mysterious origin, made it a divine being, a prime favorite of 
the gods, that had somehow survived from the golden age or had 
voluntarily eseaped from the garden of Eden with poor fallen man 
for the purpose of sweetening his bitter lot. No wonder that the 
honey-bee came in the course of time to symbolize all the virtues 
the perfect monarch and the perfect subject, together constituting 
the perfect state through the exercise of courage, self-sacrifice, 


| Lowell Lectures. 
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affection, industry, thrift, contentment, purity, chastity 
virtue, in fact, except hospitality, and, of course, among a 
peoples bent on maintaining their tribal or national integer): 
fact that bees will not tolerate the society of those fron 
hive was interpreted as a virtue. 

With the passing centuries the bee became the center 
numerable myths and superstitions. It was supposed to 
played a réle in the lives of all the more important Egyptian, Gre 
and Roman divinities. Among the Latins it even had 
of its own, the goddess Mellonia. Medieval Christians see) 
have been quite as eager to show their appreciation of the 
While the housefly had to be satisfied with the patronage of Bee! 
bub and the ant was given so obscure a patron saint as S! 
turninus, the honey-bee enjoyed the special favor of the V 
or was even made the ‘‘ancilla domini,”’ the maid-servant 
Lord. Those who represented the divinity on earth, of 
added the honey-bee to their insignia. It appears on the 
of the Pharaohs as the symbol of Lower Egypt, on the 
popes and on the imperial robes of the Napoleons. Amo 
ancients the behavior of bees was supposed to be prophet 
insect thus naturally became associated with Apollo, the Del 
priestess, the Muses and their protegées, the poets and orat 
Honey and wax were early believed to have medicinal and mag 
properties and were, of course, used for sacrificial purposes. T 
ritual value is apparent also in the Christian cult, for honey 
formerly given to babies during baptism and the tapers of 
churches are supposed to be made of pure bees’ wax 
lumina nisi cerea adhibeantur’’). 

Among the many myths that have grown up around the honey 
bee, that of the ‘‘bugonia’’ may be considered more fully, be 
it shows how entomology may throw light on questions that hav: 
puzzled and distracted the learned for centuries. For nearly th 
thousand years people believed that the decomposing carcass \ 
an ox or bull can produce a swarm of bees by spontaneous gene 
tion. The myth evidently started in Egypt and appears in a 
torted form among the Hebrews, among whom, however, 
dead lion in which Samson finds the honey-comb. Among thi 
}Jreeks and Romans it becomes more elaborate, and Virgil, in t! 
fourth book of the Georgies, and many other authors give precise 
directions for the killing and treatment of the ox if the expe 
ment is to be successful. The medieval writers repeat what they 
read in the classics or invent more fantastic accounts. It was hs ot 
till the eighteenth century that Réaumur showed that what hac 
been regarded as bees issuing from the decomposed ox carcass © 


yet 
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ive been large two-winged flies of the species now known as 
Eristalts tenaz, which breed in great numbers in carrion and filth 
d look very much like worker bees. The history of this myth of 
-he oxen-born bees has been more adequately discussed by a dis 


nguished dipterist, Baron Osten Sacken. He remarks that ‘‘the 


rineipal factor underlying the whole intellectual phenomenon we 


are inquiring into is the well-known influence which prevails in all 
man matters, and this factor is routine.’’ ‘‘ Thinking is difficult, 
and acting according to reason is irksome,’’ said Goethe. People 
see and believe in what they see, and the belief easily becomes a 
rradition. It may be asked: If those people had that belief, why 
lid they not try to verify it by experiment, the more so as an eco 
nomical interest seemed to be connected with it? The answer is 
that they probably did try the experiment, and did obtain some 
thing that looked like a bee ; but that there was a second part of the 
xperiment, which, if they ever tried it, never succeeded, and that 
was, to make that bee-like something produce honey. If they did 
tt care much about this failure, and did not prosecute the experi 
ment any further, it is probably because, in most cases, they found 
that it was much easier to procure bees in the ordinary way. That 
such was really the kind of reasoning which prevailed in those 
times clearly results from the collation of the passages of ancient 
authors about the ‘‘ Bugonia.”’ 
It would seem that the strange vitality of the bugonia myth 
ring so many centuries must have been due to some keen emo 
mal factor or religious conviction deeper than the mere inertia of 
routine thinking to which Osten Sacken refers. Let us work 
ackwards from the golden bees embroidered on the state robes 
f Napoleon I and supposed to symbolize his official descent from 
Charlemagne, who is said to have worn them on his coat of arms. 
It is probable that the fleurs-de-lys, which also figure on his arms 
and those of the later French kings are really conventionalized 
bees and not lilies, spear-heads or palm trees with horn or amulets 
ittached, as some archeologists have asserted, and that Charlemagne 
derived his bees from one of the first kings of the Salian Franks, 
the father of Clovis, Childerie 1, who died A. D. 481. In 1653 the 
tomb of this monarch was opened at Tournay, in Flanders, and 
found to contain a number of objects which indicated that he had 
been initiated into the cult of Mithra, that soldiers’ religion which 
had been so widely diffused by the Romans over Gaul, Britain and 
Germany during the first centuries of our era and had come so near 
‘to supplanting Christianity. Among the objects taken from 
Childerie’s tomb were a golden bull’s head and some 300 golden 
bees, set with precious stones and provided with clasps which held 
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them to the king’s mantle. Now the numerous Mithra 
ments that have been unearthed in many parts of the Ro, 
pire show as their central figure Mithra slaying a bull] < on 
by several symbolic animals, one of which is the bee. J; 
also that honey was used in the initiation rites of Mith 

an oriental sun-god like the Hebrew Samson. the Phoenicia 
and the Greek Hercules. From the blood of the slain by!) 
of the inert earth fertilized by the sun’s rays, the a 
was supposed to have arisen by spontaneous generatio 
would seem, therefore, to be one of the symbols of this ry 
life and to recall the epiphanies of many other sun and 
gods among the Greeks and Asiatie peoples, such as Ad 
and Dionysus, or Bacchus, who as Dionysus Briseus, the 

of honey-comb’’ was by some regarded as the god of 
But the bugonia myth can be traced still further back 
cult of the Egyptians. The bull Apis was believed to 
carnation of the sun-god Osiris and to represent the 
life. His son Horus is another sun-god, and it is 

note that one of his symbols is the fleur-de-lys, wh 
resurrection. That this is the true meaning of the b 

is indicated also by the magical directions given by Virgil a 
for slaying the ox and earing for his ecareass. The anin 
carefully chosen and in the spring, when the sun is it 

the bull, clubbed to death or suffocated by having the 

his body stuffed with rags—obvious precautions to pr 
ox’s vitality from escaping so that it may be consery 
generation of the swarm of bees. The ancients seem t 
an inkling of the parthenogenesis of the honey-bee, sinc 
them state that, unlike other animals, it never mates. T! 
too, served to connect the bee with the various sun and veget 
gods, all of whom, including the bull Apis, were born ot! 
Thus it will be seen that the bee became the symbol of 1! 


recurring resurrection, or renewal of life in general 

probably also of the second birth of the initiate into s 
as those of Mithra. Unfortunately there were among the 
no entomologists to point out to the religious enthusiasts 1 
had mistaken a common earrion fly for the honey-bee 


therefore chosen a wrong symbol. 

I have dwelt on this myth because it is such a good 
of the bad observation and worse conjecture that have c! 
our knowledge of the honey-bee. Even such pioneer obs 
Swammerdam, Réaumur and Francois Huber in the seven 
and eighteenth centuries and Dzierzon, Leuckart, von Siebold a 


~~ 
‘ 


Al Or 
von Buttel Reepen in more recent times have had d 


Yal 


ryers as 
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SOCIAL LIFE AMONG THE INSECTS 


ring a path through the jungle of superstitions and specul 
that have grown up around the insect during the past five 
sand years. And to-day many of our scientific treatises con 
vestiges of these unbridled fancies. Another obstacle to a 
r understanding of the honey-bee is the very abundance of the 
rature. There must have been libraries devoted to it among the 
ts, for even Carthage had her celebrated apiarists. Some 
f the present conditions may be gleaned from Dr. E. F. 


mm Ol 
lips’ statement that the Bureau of Entomology at Washington 
working bibliography of 20,000 titles on the honey-bee. 
does not, of course, include a great number of bellettristie 
**Vie des Abeilles’’ and 

’s ‘‘Mystére des Abeilles.’’ 

Greatest of all the sources of a misunderstanding of the honey 
s the fact that although it is a very highly specialized and 
ant insect, it has been regarded as a paragon in the light 
which the social organizations of all other insects are to be in 
rpreted. Its evolutionary interpretation has therefore en 

tered the same obstacles as that of man, for the honey-bee 
rs much the same relation to other bees that man does to the 
->mammals; and just as man’s obstinate anthropocentrism has 
retarded his understanding of his own history and nature, so the 
centrism of the observers of the honey-bee has tended to distort 
r knowledge, not only of other social insects but of the honey-bee 
self. It is necessary, therefore, to relegate the insect to its proper 
e at the end of a long series of developments. I shall return 

t at the end of the lecture. 
As classified by the entomologists, the bees eomprise about 
000 deseribed species and occur in all parts of the world. In 
rope alone there are some 2,000 species and our North American 
rms, when thoroughly known, will probably be found to be even 
morenumerous. Less than 500, or 5 per cent., of the 10,000 species 
ure social and belong to only five genera—Trigona, Melipona, 

Bombus, Psythirus and Apis—the remainder being solitary forms 


f many genera, several of which are very large and widely dis 
tributed. For more than a century talented entomologists have 
studied the bees intensively but have been unable to work out any 
generally acceptable grouping of the various genera. Whether 


these insects are to be regarded as a superfamily (Apoidea), com 
prising several families, or as a single family (Apidx), comprising 
number of subfamilies, seems to depend on the individual inves- 
tgator’s more radical or more conservative frame of mind. 
The bees, taken as a whole, are properly regarded merely as 
‘group of wasps, which have become strictly vegetarian and feed 
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exclusively on the pollen and nectar of flowers. Tho 
word, merely flower-wasps ‘*Blumenwespen,’’ as how 
by some German entomologists. <A recent authority : 2 
lieves that they are descended directly from at least two 
ancestral groups of Sphecoid solitary wasps, one of which 
genera like Passaloeeus and leads up to Prosopis and ot 
tive bees, while the other comprises Tachytes-like forms 
up to the higher bees. It should be noted that a thi) 
group of Vespoids, allied to the Eumenid wasps, evid 
rise to the Masarine, which are also flower-wasps 
habits closely resemble the solitary bees. 

Their very long and intimate association with the 
left its stamp on all the organs and habits of the bees. and } 
believe that a great many flowers have been modified in sty 
arrangement, color and perfume in adaptation to the 
for the purposes of insuring cross-pollination. Limitations 
prevent me from dwelling on the vast and fascinating xs 
these relationships, though they belong to that order of 
ganismal cooperation which I have called coenobiotic. N 
stop to dwell on our great debt to the bees for the poll 
our fruit trees and other economic plants. Something 
said, however, concerning the anthophilous adaptations of 
sects themselves. It is evident that only insects with 
oped wings, with large, finely facetted eyes and well 
antennx, furnished with extremely delicate tactile and 
sense-organs, could have acquired such intimate relations 
flowers. And since the bees not only collect but transport 
pollen and nectar we find some very interesting structu: 
oped for these particular functions. Two pairs of mo 
the maxille and especially the tongue, are peculiarly modify 
lapping or sucking up the nectar. In the more primitive b 
visit flowers with exposed nectaries these parts are short a 
like those of the wasps, whereas in more specialized spec 
visit flowers with nectaries concealed in long tubes the t 
greatly elongated. In some tropical bees the organ ma) 
longer than the body (Fig. 34). In order to store the 
while it is being transported to the nest, the crop, or an 
tion of the alimentary tract, is large, bag-like and distens! 
its walls are furnished with muscles which enable the ! 
recurgitate its content. This is known as honey, because t! 


+ . 
el 


tar, during its sojourn in the crop, is mixed with a minute qua 


1 
sail’ 


of a ferment, or enzyme, presumably derived from the 
its sucrose, 0 


+r 
and dex S 


er 


elands. and undergoes a chemical change, 


sugar being converted into invert sugars (levulose 
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Follen Combs iy 
on Planta€ 


Inner surface of the left hind leg of a worker 


ot the same. After D. B. Castes 


‘ 


bees the pollen is swept to the ventral surface of tl 
where there are special hairs for holding it in a cor 
The bees of the former group are therefore called 


the latter ‘‘gastrilegous.’’ That these various structur 


general body investment of plumose hairs and the n 
of the hind legs or venter are special adaptations 

lection and transportation is proved by certain inter 
tions. Thus the small bees of the very primitive ger 
look very much like diminutive wasps; they have naked 
appendages and their hind legs are not modified. But 


swallow the pollen as well as the honey and carry bot 


; 


erops. Then there is a long series of genera of paras! 
lay their eggs in the nests of the industrious species 
account do not need any collecting or transporting 


Such bees are more or less naked and their tibiwe hay 


to the simple structure seen in the wasps. And, of 
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general do not have to collect pollen we find that they 
siderable reduction in the hind legs as compared with 
females. 
creat differences among the bees in the range of the 
to the flowers. Some, like the 


honey-bee and the 
s, visit all sorts of flowers and are therefore called poly 


reas others, the so-called oligotropic species, may co! 


ittentions to the flowers of a very few plants or eve 
a single species. The oligotropie are probably derived 
ropic bees which have found it advantageous to avoid 
with other species and to make their breeding 


with the blooming period of a single 


seaso) 


plant. A crood eX 
s one of our small black bees. Halictoides 


least in New England visits only the purple flowers of 


Nod -aie ia 


e] weed. Pontede ria cordata. 


s of left hind leg of worker bees in 
a, from a bee just beginning t 

rance of the basket. The planta is extend 
slightly later stage, showing incr 


ising the auricle The 


ase In p 
hairs extending outward 
edge of the auricle press upon the lower and 
pollen mass, retaining and guiding it upward 
slightly later stages in the successive processes by wl 


pollen enters the basket. After D. B. ( 


astee! 
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Turning now to the reproductive behavior 
the development of societies we find a most extrao1 
ism between the group of bees as a whole and that 
deseribed in my previous lecture. The progress fron 
condition, shown in more than 95 per cent. of the sp: 


; 


conditions in the most highly socialized form, th 
so to speak, a repetition of the various wasp motifs set 
key. Every one of the thousands of species of solitary 
own peculiarities of behavior, but the differences 


insignificant that the habits as a whole are very monoti 


the exception of the parasitic bees. which have bee 


evolved from non-parasitie forms, all the solitary bees 
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the ground or nu 
eonstruet earthe 

es 
plant-hairs or partic 
resemble celluloid o 

s. as will be not 
consists of several “vl naly 
‘ries or more rarely 


ell nas been completed t Is 


mass of pollen soaked with 


s laid on tS surtace a 


the typical mass provisiol 
to that of the Eumeninew, except tha 
substances are provided for the Vv" 


d honey are ideal foods, s 


Solitary bees. 4. Nest 


aaa , 
y Mayet a, cell provisioned and supplied 


va; c, with older larva. B. Nest 
ea) ina hellow Rubus stem: 


nd bee bread in three of the 
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proteids and oils and the latter in sugar and wat: 
tain sufficient amounts of various salts for the grow 
As in the ease of the solitary wasps the mother be: 
progeny emerge. 

Just as among the solitary wasps, we often find 
bees nesting in close association with one anothe 
species (Halictus longulus, Panurgus, Euglossa, Os 
and parietina, Eucera longicornia) the females. th 
separate nests, nevertheless build a common entrance 
there is nothing in these arrangements to indicate 
lead to the formation of true societies. There are 
eases which might be regarded as sub-soceial, sine 
survives the development of her progeny and shows 
in their welfare than is implied by the mere mass p 
the cells. Two such eases are represented »' 
Halictus quadricinctus, observed by Verhoeff, and H 
observed by Verhoeff, von Buttel Reepen and Fries 
of the former bee digs a long vertical tunnel in the ¢ 
its lower end a chamber in which she constructs a num! 
cells, arranged in the form of a rude comb 
of which there may be as many as 16 to 20, a 
provisioned and closed, but the mother is long-liv: 
nest and may even survive till the young emerge. He 
here an actual though apparently very brief contact 
with her adult offspring. 

Certain peculiarities in the life-history of Halict 
conceived to tend still further towards social develop: 
cording to our present unsatisfactory knowledge of t! 
least some of the species have two annual generations 
veneration consists of feeundated females that have ov: 
from the previous fall. . These give rise to a summer g 
consisting entirely of females. Their eggs develop parth 
cally, but produce both males and females, forming tlh 
eration. The males soon die, but the fecundated females 
hibernation. As von Buttel Reepen suggests, a society) 
readily established in a form like H. quadricinctus if th 
genetic generation of females were to remain with tl! 
and extend the parental nest. This would be essentia 
find in the lower social wasps like Polistes. 


A still more interesting case has been found }, 


Brauns among the bees of the genus Allodape which 


gastrilegous division and are closely related to ou! 


penter bees of the genus Ceratina, so abundant in ho 
of the elder and sumach. Dr. Brauns made his obse! 
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where he has been living for many years, and kindly 

following unpublished data for use in this lecture: 
ecies of Allodape nest in the dry, hollow stems of 
rarely in galleries in the soil. In both cases they 
ivities or occupy those already in existence. Plant 


stems 
ontents, like those of Rubus, Liliacew, Aloe, Amarylli 


varagus, Acacia thorns, ete., are preferred. Three dif 


ps of species may be distinguished according to the 
ployed in provisioning the young. These three groups 


ve to be useful as morphological sections of the genus 


najority of Allodape species, especially the smaller ones, 


ffieult to distinguish in the female sex. The males vield 


‘ters, though there are few plastic characters in the 
of the deseriptions drawn from single captured speci 
little value. Fanatical describers, like some of youn 
merely make the work of the monographer more 
vr more unattractive or even well nigh impossible i 
hich is almost as monotonous as Halictus. The three dif 
nethods of provisioning which I have been able to establish 
following: 
The most primitive species, observed only on a few 
The mother bee collects in the nest tube as much bee 
single loaves or packets as the larve will require up to 
» of pupation, precisely as in other solitary bees, é. g., as lu 


na, the form most closely related to Allodape. The single 


+ 


l-packets are arranged one above the other in the hollow stem 


| 


ich is provided with an egg. The larva holds itself to the 
od-packet by means of peculiar, long, segmental appendages, 
ch I have ealled provisionally ‘*‘pseudopodia,’” and consumes 
ts single packet till it is time for pupation. The size of the packet 
wresponds to the size of the particular species, much as in 
atina, and each packet nourishes only a single larva. The lat- 
holds its appendages spread out like those of a spider and is 
osely attached to the packet like the larve of such solitary bees 
s Ceratina. So far there is no departure from the conditions in 


- solitary Apide. There is, however, one fundamental differ 


nea 
f 


Whereas Ceratina after provisioning and oviposition closes 
f each cell with a partition of gnawed plant materials and there 
makes a series of individual cells, Allodape constructs abso 
0 partitions. The food-packets, each large enough for a 
iva and each furnished with a single egg, though arranged 
near series one behind the other in the nest tube, as in Cera 
Usmia, ete.. lie freely one on top of the other and are not 


ted by partitions of the materials above mentioned. The 
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lowermost packet is the oldest and is therefore 
bear a larva while each of the upper packets be 
difference, as vou'will admit, must be regarded 
importance. In these more primitive species 
not come into contact with the larva since the lati 
vided once fa all with sufticient food to last it 
cisely as in the solitary bees and wasps. The pst 
therefore have the function of exudate oreans b 
to attach the larva mechanically to the food-packet 
tion from isolated cells to a simple unseparated s 
Is, Of course, very interesting and significant. 

2 Rather common, small and medium-s 
mother bee glues a number of eges, each by on 
spiral row, determined by the curvature of th 
the wall of the nest, usually near the middle 
a little below. One common species I have 
tubular cavities in the earth with a simila 


; 


eggs. .The hatching larve hold fast to the 
means of their pseudopodia and are all at the 
heads directed towards the entrance to the 
time the mother brings in a small lump of bee 
it in the midst of the hungry heads. The lar 
simultaneously of the same mass of bee-bread. 
moult the mature larve lose the pseudopodia 
which come to lie one behind the other in th 


} 


In these species, therefore, the mother remains 


tact with the larve. 
3) The majority of species, from those of 


of the largest size. The mother bee lays her eggs 
loosely on the bottom of the nest tube. In proport 
of the bee the eggs are very, one might say abnorm: 
seem to be laid at longer intervals. The mother be 


dividual larva, which clasps the particle of bee-brea 
large pseudopodia so that it has the food all to its 

that has been occupied for some time by a mother be 
one or several larve, each with its own pellet of 


found in the position I have deseribed. Later the 
n the col 


their mother in provisioning the larve. Whe 


come populous the cavity of the tube is found t 


egg, how 


always lies on the floor of the tube. And since the 


larve and pupe in all stages. The latest 


must always go to the bottom to feed the youngest |: 
the 


tents of the tube are often intermingled, though 


and the pupe are mostly nearer the opening and thi 
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Ss, also The 
observation on Allodape are 
because they reveal wi 

ves beginni 


with a mass 
the solitarv bees and wasps 


provisioning. And not \ lv | 
the mother w } 
‘eS deseribed by 


mother to form ; cooperat 


this eondit Oo} 


e@Sts, In SO simpl a matter as 
partitions whieh all other solitarv bees ¢ 
sioned cells. The fir 
fed from day to day by 
pellets of food is not essentially 
1 in the bumble-bees 
rudimentary societ 
ist not be revarded 
eonditions which we observe 
amely, the Bombinaw. or bumble-bees 
es, and the Apu wv, or honey hees 
podilegous division, no one has | 
aneestors among existing solit: 
can neither de > them from 
vle known extinct ve Each possesses 
king peculiarities and each is an independent brat 
‘estral stem now vaguely represented by the solitai 
imble-bees are the most primitive, the honey-bees 
lized, while the stingless bees exhibit a combinat 
d specialized characters different from = thosé 
ther subfamilies. But Just as all the social wasps 


solitary wasps in employing a peculiar nest material 
the three groups of social bees differ from the solitary 
g another peculiar nest material—wax. This material 
er, a true secretion, which arises in the form of small flakes from 
simple glands situated between the abdominal segments « 
sects (Fig. 40). The three groups of social bees also agree 
structure of the hind tibia, the outer surface of which 


roadened as in solitary forms but smooth and shining with 


urved bristles along the edges (Fig 36). This is ealled the cor 


ila and among solitary bees is known to oceur only in Euglossa 
lhe bumble-bees represent a stage of societal development of 


createst interest to the evolutionist. Of these large insects 
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Ventral view 1 
B. Inner surfa f left hind leg, 
mediately after it has been removed 
been pierced by seven of the spines 
segment of the planta. ( Side view 
wax-scale just before it is grasped by th: 
is still adhering to the spines of the pollen cor 

the two muddle legs and a hind leg as in 

about 200 species are known, mostly confined to Euras 
America. They prefer rather cool climates and sev 
occur in the aretic regions or at high elevations. The 
been carefully studied by several European entomologists 
by Hoffer, Wagner, Lie-Petersen and Sladen, and are beg 
attract students in this country. We know very little 
species of Central and South America and the East Indies 


In temperate regions bumble-bee colonies are an! 


opments, like those of our northern species of Vespa a: 
The large fecundated female or queen overwinters p! 


the females of the solitary wasps and starts her colony 1) 


She chooses some small cavity in the ground or in a log 
an abandoned mouse-nest, and after lining it with pieces 


or moss or rearranging the pieces already present, proc 
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business of establishing her brood. The various stages 
havior have been carefully observed by Slade) ‘*In the 
the floor of this cavity she forms a small lump of polle: 

sisting of pellets made of pollen moistened with honey 
is collected on the shanks (tibiw) of her hind legs (Fig. 


} 


se she moulds with her Jaws into a compact mass, fas 


to the floor. Upon the top of this lump she builds with 

iws a circular wall of wax, and in the little cell so formed she 
her first batch of eggs (Fig. 42Ba), sealing it over with wax 
sing in the top of the wall with her jaws as soon as the eggs 
en laid. The whole structure is about the size of a pea. 
The queen now sits on her eggs day and night to keep 
varm, only leaving them to collect food when necessary. In 

to maintain animation and heat through the night and in 
veather when food can not be obtained, it is necessary for her 
iv in a store of honey. She therefore sets to work to construct 
irge waxen pot to hold the honey (Fig. 41), 43, 44). This pot 
n the entrance passage of the nest, Just before it opens into 

ty containing the pollen and eggs, and is consequently de 
from it. The completed honey pot is large and approxi 
tely clobular, and is capable of holding nearly a thimbleful of 


Up to this point the behavior of the queen is much like that 


f the solitary bee which makes and closes her cell after providing 


vith provisions and an egg, but a significant change now super 
ss. The eggs hatch after about four days and the further events 
described by Sladen as follows: ‘‘The larve devour the pollen 


forms their bed, and also fresh pollen which is added and 


istered onto the lump by the queen. The queen also feeds ther 


th a liquid mixture of honey and pollen, which she prepares by 
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swallowing some honev and then returning it 


mixed with pollen, which she nibbles from the 
her mandibles, the mixture being swallowed 

honey-sac. To feed the larve the queen makes 
her mandibles in the skin of wax that covers 
through her mouth a little of the mixture amon: 


devour it greedily. Her abdomen contracts sudden] 


the food, and as soon as she has given it she rapid 


hole with the mandibles. While the larve rema 
fed collectively, but when thes vrow lareve eae} 
separate injection 

Here we have a beautiful transition from ma 
provisioning. Sladen then describes the further 
the brood: ** As the larvew grow the queen adds wax 
ing, so that they remain hidden (Fig. 42 BEd \\ 
about five days old the lump containing them 
been expanding slowly, begins to enlarge rapidly 
indicating the position of each larva, begin to apy. 
days later, that is, on the eleventh day afte: 
the larve are full-grown, and each one then spins 
oval cocoon, which is thin and papery but toug! 
The queen now clears away most of the brow 
vealing the cocoons. which are pale vellow. 
number from seven to sixteen, according to the s} 
prolifieness of the queen. They are not piled on 


stand side by side, and thev adhere to one 


Ato. Diagrams of successive stages in the development 
brood. a, eggs; b, young larve: c, full grown larva; 
used as a honey pot; f, old cocoon used as a pol 


Sladen 





v 
a 
= 
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so that they seem welded into a compact mass. Th: 
ever, form a flat-topped cluster, but the cocoons 
higher than those in the middle, so that a groove is 
groove is curved downwards at its ends (Fig. 43 


queen sits, pressing her body close to the cocoons an 


her abdomen to about double its usual length so that 


as Many cocoons as possible; at the same time her outst: 


clasp the raised cocoons at the sides (Fig. 44). |) 

she now spends most of her time, sometimes remai: 
an-hour or more almost motionless save for the rhythn 
and contraction of her enormously distended abdome: 
is now needed but continual warmth to bring out hy 
of workers. In every nest that I have examined th: 


the groove is from the entrance or honey-pot to the 


nest, never from side to side. By means of this arra 


queen, sitting in her groove facing the honey-pot—t} 
her favorite position, though sometimes she reverses 
sip her honey without turning her body, and at th: 
is in an excellent position for guarding the ent 
truders.”’ 

The eggs laid by the queen during the early | 


mer are fertilized and therefore produce females 


owing to the peculiar way they are reared, secur 


ties of nutriment and therefore vary considerably 


Old cocoons 
| filled 
with honey 


Comb of Bombus lapidarius, showing clusters of 
enclosed larvx, half-full honey-pots and pollen pot 


11S 
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ill smaller than their mother. Individuals scareely 
in house-flies are sometimes produced, especially in very 
mies. All of these individuals have been ealled workers 
they have essentially the same structure as the queen. 
assisted in emerging from their cocoons by their mothe: 

ind forthwith take up the work of collecting pollen and 

1 of enlarging the colony. The queen now remains in 

and devotes herself to laying eggs, while the nest is pro 

w cells are built and the additional broods of larve are 

the workers. They also construct honey-pots and special 

es for pollen or store these substances in cocoons from 
workers have emerged (Fig. 45). Later eggs are also 
the workers but being unfertilized develop into males. As 

( y grows and becomes more prosperous, some of the larva 
rived from fertilized eggs laid by the queen are abundantly fed 


| develop into queens. Like the queens of the social wasps, these 


t emerge from their cocoons till the late summer. and like the 


en wasps, they disperse, after mating with the males, and alon: 


the colony survive the winter to start new colonies the fol 


g¢ spring. In South America, where, according to von Thering 


we colonies are perennial, new nests are formed by swarm 


imble-| 
Bumble-be: 


¢ as among the social wasps of the same region 


lonies are, as a rule, not very populous, 500 individuals consti 
ting an unusually large society. In many cases there aré 
ireely more than 100 to 200. 
[ have called attention to the fact that the workers are precisely 
ke the queens, or fertile females, except that they have been more 
less inadequately fed during their larval stages and are there 
‘ore smaller. They are the result of a high reproductive activity 
the part of the queen under unfavorable trophic conditions that 
io not permit the offspring to attain their full stature. In certain 
species that live permanently under even more unfavorable condi 
ms, like those in the aretic regions, the worker caste is completely 
r almost completely suppressed. During 20 years of residence 
Tromsé, Norway, Sparre Schneider failed to find a single worke1 
Bombus kirbyellus, and those of B. hyperboreus were extremely 
rare. Probably the queens of these species are able to rear only a 
nearly all males and queens, 


few offspring and these are all or 
in Finland and 


ih, during the short aretic summer, at least 


the mother insects work late into the nights But the 


* caste may also disappear as a result of the opposite cond) 
We found this to be the ease 


is, an abundance of food. 
workerless parasit'c wasps, Vespa arctica and austriaca. 


to a 


th temperate regions the genus Bombus has given risé 
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Cenus, 


have 
These 


hee) 
J 
Psithvrus bees are verv much 
1ests live, but 


reasons, thell worker Caste 
account shows that the 
epresent ah interesting 


the 


tral 


POrms, S quee! while 


litarv bee but 


true society, The 


bees. except that 


THe, 


wax the bh 
AS compared with 
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THE POLYNESIANS: CAUCASIANS OF THE 
PACIFIC 


By CLIFFORD E. GATES 


COLGATE UNTIVERSIT' 


[' the oceanic islands of the Pacifie three different peoples oceur, 


who have been called Melanesians, Micronesians and Polwne 


sians. These form very distinct divisions. The Melanesians are 
physically negroid, nearly black with erisp, curly hair, flat noses 
nd thick lips. Although nothing is known of their o: . 
supposed that they came from Africa and were the earliest oeceu 
pants of the oceanic world. They now oceupy the western portion 
‘the Pacifie islands south of the equator including Fiji, the New 
Hebrides, the Solomon group and the Bismarck Archipelago. 

The Micronesians are of Malay stock much medified by 
Melanesian, Micronesian and even Chinese and Japanese crossings 
They are short, often stunted in form, and have a dark brown 
omplexion. They inhabit the western portion of the Pacific is] 
nds north of the equator, including the Marshall Islands, the Gil 
bert Islands, the Caroline Islands and Guam. 

The Polynesians represent a branch of the Caucasian race who 
migrated in a remote period, possibly in the Neolithic age, from 
the Asiatic mainland. They have a distinct European cast of 
eature, have a light brown or olive complexion, and are the 
physical superiors even of Europeans. They inhabit all the eastern 
group of islands both north and south of the equator, including the 
Hawaiian, Marquesan, Society, Cook, Tonga and Samoan Islands. 

The Micronesians, few in number and inhabiting a relatively 
small area of Oceanica, have been of little interest to other peoples; 

» Melanesians, black and savage, with a history of horror after 
ror, have been repellent to explorers and remain in a darkness 
mparable to the darkness of central Africa. But the Polynesians 
ave east a charm over the civilized world. They are perhaps the 
landsomest people extant. The men average six feet in height, 
ire strongly muscled, free from fat, swift in action, graceful in 
repose; the women are often of rare beauty. with regular features 
nd wondrous large, dark eyes. In character they are exceed gly 
erry, gentle, courteous and hospitable. Unless mistreated or under 


me misapprehension they have been almost universally friendly 


VOL. XV.—17. 
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to the white man; the stranger coming to their shores and 
through their villages ever and anon receives the greeting ‘‘a 
and his departure is often the cause of sadness or weepil 


ng’ or 


part of the islanders who may have known him at most b it a fer 


days. When Robert Louis Stevenson was about to leave the Vo. 


quesas—islands owned by France—Stanislao Moanitini. ¢} 
Akaui, sadly addressed him with these words: ‘‘ Ah vous devr 
rester ici, mon cher ami. Vous étes les gens qu’il faut 
Kanaques ; vous étes doux, vous et votre famille: vous ser 
dans toutes les iles.’’ 

Nowhere does any people possess a deeper passion { 
wreaths or ‘‘leis’’ of flowers have always been a part 
everyday attire. Their personal cleanliness is remarkab); 
them no day would be complete without a bath in one of 
beautiful streams or lakes followed by an anointing of the ep: 
body with a fragrant oil. 

With these people cultured Europeans have not hesit 
form marriages, to live among them, sensitive natures hay 
the world well lost, and about them has grown up a ro 
story and song that has caught the interest of the eivilized \ 
There is a saying that he who has seen Tahiti will never 
leave it. 

Their history prior to the discovery of their islands by 
peans has been learned partly through study of their char 
isties, partly through study of their language, but pri 
through their traditions and legends. Though many exam) 
their rude hieroglyphiecs or picture symbols have been four 
has been learned from this source. The appearance and c! 
istics of the people point at once to a Caucasian lineage. T 
of their language point to the same conclusion. This bé 
they could have come only from Asia. All their legends | 
the west as the cradle of the race, and their dead are supp 
go to their future life west—naturally back to the home of t! 

But supposing they did come from Asia, how did they ev 
Samoa and Tahiti and Hawaii? Hawaii is over 4,000 miles f1 
Asia and only 2,000 from San Francisco. How could these | 
traverse two thirds of the Pacific in their canoes? Doubtless t 
eame from island to island through the Malay Archipelago un' 
they reached Samoa, but from there they had 2,000 miles of 
ocean to traverse to reach Hawaii. How was it possible to 
plish this sail from the west when the prevailing winds a 
rents were from the northeast? The answer to this questior 
in the character of the people. There is evidence that in th 
they were the most daring and skilled navigators the world 


} 


} 
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-known. They built two-decked canoes of plank large enough 
rv big stores of food and water and even livestock. They 


» Car 
1 their course by them. 


noesessed a knowledge of the stars and steered 
That they must have come this way is further evidenced by the 
fact that an intelligent Polynesian of Hawaii can understand al- 


most everything that a Samoan says even though the islands lie so 
part, and, except for the several waves of colonization. have 
no intercourse with each other prior to the arrival of the 


Nearly all the ethnologists are agreed upon this theory 


for a 
ai @ 


had 


European. 
of the origin of the race. At the present time further investiga 
ons are being made by the Bishop Museum and Yale Univer 
sity. Their work is only half completed, but already they have 
lected a vast amount of information which it is believed will stil] 


j 


further corroborate the accepted theory. 
tions ad 


{rrived at the islands the Polynesians found condi 
The soil, usually being of voleanie 


rably suited to their needs. 
¢ the 


rigin, was fertile and covered with a rich vegetation, ineludin 
taro, the bread-fruit, the sweet potato, the yam and the banana. 
The waters about the islands abound in fish, and though no edible 
nimals appear to have been indigenous, the early settlers brought 
them pigs which flourished in both a wild and domestic state 


with 
’ il 


nd have always been highly regarded as a food by the natives. 

For many centuries they led a savage but contented existence 
here, completely shut off from the rest of the world. Happy would 
they have been if they could have remained in this seclusion 
Early Spanish navigators touched at some of the smaller islands 
d by the eighteenth century all of the main groups were known. 
to be discovered, being un 


The Hawaiian Islands were the last 
landed 


until an English navigator, Captain James Cook, 


KNOW! 
there in 1778. 

\t the time of discovery the different groups of islands were 
Samoans being the most 
All of them were 
in Europe 


various stages of advancement, the 
civilized and the Marquesans the most savage. 
living in a feudal state, similar to that which prevailed 


n medieval times. The chiefs owned all the land and parcelled 


out among their followers, who however were not bound to the 
could transfer their allegiance to some 


+ 


land but if dissatisfied 


other chieftain. For many years there had been waging almost 


continual internecine wars which must have limited the popula 


tion even before discovery. 
Since the coming of the European many changes have taken 
place in government, mode of living and religion. The islands are 


The Marquesan and Society Islands be 


0 longer independent. 
Islands belong to Great 


long to Franee: the Cook and Tonga 
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Britain; the Hawaiian Islands and part of Samoa belone : 
United States. The people have largely abandoned the ; 
manner of living and adopted that of the European. One o} 
most peculiar systems was that of the tabu. The taby Was a 
hibition of certain articles or certain acts and was re] 
character. Anyone who violated a tabu was supposed to be 
by a certain malady and, unless the proper remedial measures 
taken, in three days’ time to die. Anyone could tabu anyt 
that belonged to him, but there were a great many tabus of - 
sal application. The following are examples: men and 
were compelled to eat in separate houses, and women co 
cook over a fire built by a man. Women were not allowed ; 
certain food such as bananas, ecocoanuts and pork. Women 
not enter any canoe, but if they desired to cross any river or 
or reach a ship had to swim. A commoner was prohibit 
crossing the shadow of a chief. At certain tabu periods 
could be heard, no fire could be lighted, even the dogs were 1 
and fowls tied up. For various reasons the system is 
thrown. 

The simple dress of the people, which consisted for t 
a loin eloth, for the women of a short girdle of leaves 
changed for the more elaborate dress of the European. The : 
houses made of bamboo poles and thatch have given place to li 
of wood. Even the occupations have changed. Formerly t! 
tive did little work aside from picking and cooking his foo 
ing fish and making his simple dress and implements. Now 
products are raised for export, the cultivation of sugar esp 
having become the main industry of most of the islands. 
native religion, with its many gods, its prayers and its song 
vielded to Christianity, the islanders accepting the nev 
en masse. Doubtless the acceptance in many eases has bee! 

a matter of form, for the inhabitants in times of trouble s 
eretly address prayers to their ancient gods. 

Since the coming of the foreigner the Polynesians, despit 
wonderful physique, have alarmingly decreased in numbers. 
tain Cook estimated the population of the Hawaiian Islands 
420,000; to-day there are only 24,000 Hawaiians of pure blo 
The Tahitians numbered 150,000 in 1774, fell to 17,000 LSet 
and to 10,300 in 1899. During the last two deeacles ¢ 


( al 


teenth century the decrease has been in Tonga from 30,000 
500: in the Cook group from 11,500 to 8,400; in Manak 


, 
‘ 


1.600 to 1,000; and in Easter Island from 600 to 100. | 
ley of Typee in the Marquesas, where Herman Melvill 
kindly treated, from a tribe which formerly boasted 4.000 


men only a dozen wretches have survived. 
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Such a decrease can be only partly accounted for by the wars, 


massacres and raiding for the South American and Austral 


Sla 


ve trade before this traffic was stopped. A more importa 


se is the introduction OF diseases Dv foreigners. Sickness \ 


t unknown to the Polynesians prior to the coming 


almost 
conseque thy t} ey lacked the TOXIN In the 
ther peoples pa lly immune. A mild 


ti 


known to carry them of] the thousands: a sin: 
] 4» ] 4 4 j l 
measies once destrToveda a . 1 oO all the natives 
Islands. Phen swift cha re ) habits has also rel 
the victims of many plagues. The Volvnesian is 


hy nature and as much at home in the water as out of it. In his 


secant native costume he would quickly dry off upon emerging from 

the water and be no worse off for his bath. Having adopted the 

trousers and shirt of the European he still goes into the water 

with his clothes on. insisting that if clothes are wood they ar rood 
the time. The clothes remain wet after he emerges and 

heavy toll upon life in the forms of pneumonia and tubere 

The replacement of the native hut by the wooden house 

posed the native to the same plagues. The hut, made « 

was always well ventilated because of the looseness of 

the wooden house, of which the native persistently refuses 

the windows at night, is close and stuffy. The prohibition of 

joyous native pastimes by over-zealous missionary endeavor, 

gether with the lugubriousness of some of the things taught hb 


has depressed the native, rendering him an easier prey to the r 
ages of disease. The introduction of rum and opium has been 
i calamity to him, weakening and degrading him more than ‘“‘fire 
water’’ has degraded the American Indian. 

From every point of view the coming of the foreigner has been 
an immeasurable curse to the Polynesian. Left to themselves the 
Islanders could be living to-day in a paradise unvisited by the 
plagues, pestilence and calamities that attack mankind now the 
world over. Before the visitation of the European and the Asiatic 
their flowery isles set in the midst of dark blue seas were far re 
moved from every beast of prey, every poisonous serpent, every 
malady rising from the congested slums of earth. The gentle 
people led a carefree existence, spending much of their time swim 
ming, riding the surf, playing at their sports of wrestling, boxing 
and football, daneing their expressive folk-dances of love and 
goodwill. 

How changed is it all now! From the east and from the west 
have come calamities. The mosquito, the rat, the mongoose have 
arrived; though there are still no snakes, some fool will doubtless 





262 THE SCIENTIFIC MONTHLY 


soon import a couple of rattlers. The crews of the ships br 
syphilis, which among a people with loose ties of marriage , 
bound to rage terribly; the Chinese brought leprosy, a disease 
known in the islands prior to 1848, but now there are nea 


thousand victims of this terrible plague segregated on the tla 


of Molokai in the Hawaiian group. The changed conditions ; 
ing have resulted in a holocaust of death from pneumo) 
tuberculosis, while measles and smallpox have done their 
among a people unable to withstand them. The Polynesia 
ishing. Stopped are the games and the hulahula dances, f 
are the songs of the fathers. Yet a little while and th 
flow of his language, more like music than like speech, w 
vanished from the earth; soon the very ‘‘aloha’’ will be he 
more. The Polynesian understands his fate. With a smil 
sad, half hopeless, he looks forward to the day when he 
but a memory among the race of men. 
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THE SCIENTIFIC IMAGINATION’ 
By Dr. WALTER LIBBY 


UNIVERSITY OF PITTSBURGH 


|’ books and articles touching on the psychology and logie of 


research, a certain confusion has frequently arisen from the 
use of terms like intuition, Wlumination, and inspiration, which 
seem almost to defy definition, as well as from an unwarranted 
ise of terms like imagination and conception, regarding the deno 
tation of which there is some approach to harmony among the 
recognized exponents of mental science. 

Among the philosophers, Wundt, Bergson and James, for ex 
ample, acknowledge—each in his own way, to be sure—a close re- 
lationship between the imagination and the memory. Both of these 
mental processes admit of analysis into simple sensory elements. 
Reproductive imagination differs indeed from memory only in so 
far as it is unaccompanied by a sense of repetition. The produce 
tive, or creative, imagination, though it differs from the repro 
ductive in the freedom with which it manipulates and rehandles 
sensory data, is nevertheless as dependent as it on the materials 
furnished by the eye, ear and other sense organs. We may rear 
range and recombine the data supplied by sensation and retained 
n consciousness ; we can create nothing absolutely new. 

Nearly all of the chapter on imagination in James’s Principles 
if Psychology would be equally relevant in a discussion of the mem 
ory. The point of view of this eminent philosopher and psycholo 
gist is so opposed to the views of writers like Tyndall and Pearson, 
who are inclined to identify the scientific imagination with creative 
thought in general (which it is our purpose to analyse), that it 
seems worth while to examine in some detail the phenomena of re 
tention and recall, and, by differentiating one type of memory from 
another, obtain a clue to the various types of imagination in the 
strictest sense of that term. 

Cases of remarkable powers of visual recall have been put on 
record by James. One of these he quotes: 

‘ This is the first of a series of lectures on the ‘‘ Psychology and Logie of 
Research,’’ given before the Industrial Fellows of the Mellon Institute of 


Industrial Research of the University of Pittsburgh, February 14—May 
1922. 
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The more I learn by heart the more clearly do I se 
pages. Even before I can recite the lines I see them so that I cou 
very slowly word for word, but my mind is so occupied in looking 
image that I have no idea of what I am saying, of the sense of 
I first found myself doing this I used to think it was merely be: 
the lines imperfectly; but I have quite convinced myself that I r 
an image. The strongest proof that such is really the fact is, | 
following: 

I can look down the mentally seen page and see the wo 
all the lines, and from any one of these words I can continue t} 
this much easier to do if the words begin in a straight line ¢] 
breaks. Example: 

Etant fait 
Tous 
A des 
Que fit 
Céres 
ive 
Un fleur. 
Comme 


(La Fontaine, 8. iv.) 


In an experimental study undertaken by the writ 

of ten college students were asked to memorize words and sent 

in Italian, a language which none of them had studied befor 

of which the experimenter was also fairly ignorant. Each 
eight exercises, employed within the space of two months 
sisted of ten detached words and of about fifty words connect 
sentences. The procedure was to place typewritten sheets 
words and sentences, with their translation, before the students { 
twenty minutes. The sheets were then collected and all copies 
notes made during the study period were destroyed. Forty- 
hours later the members of the group were asked to write dow 
the words which could still be reealled. In the third exercis 
this sort one student succeeded in reproducing correctly nin 
of the ten detached words and all of the words in the sent 
The spelling, the punctuation, and even the use of accents w 
almost perfect. This student was a well-marked type of mot 
memory. She found it impossible to memorize anything effect 
without writing it down. To hold a pencil in the writing pos 
aided her to some extent to fix in memory an ordered stateme! 
ideas. When she had tried to learn the Italian words and s 


+ 


+ 


tences by visualization, they seemed quite strange to her afte 
lapse of forty-eight hours; but, when she had copied them dow 


they were as old friends. 

In the seventh exercise a second student succeeded in recall 
the ten detached words with one mistake in spelling and, with 
markable fidelity, a song of eleven lines from an Italian oper 
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He relied not on motor or \ isual, but on auditory imagery 
icted at the beginning of the experiment on hi: 

nees read aloud. Later he was able 

ad ot them. His mistakes cor 

o his ts pe or memory. 

te were less aecurate than the 


onlv the first syllable of a fin 


rive 


listinetly pronounced by his rather imcomps 


WHs prob ‘) 

Ol 

Iwo words 
» second without deteriment to the rhythm. 
exereise a ti member of the grou was able to ree 
words out of SIXty-rour. Hlis impression that his 
the visual type is supported by the facet that all of the 

; 


remembered occur In CONSDIGCUOGUS DOSITIONS Im the 


stanza, the end of a line. the beginnir L 
of words, ete. 
m is put forward that great scientifie dis 
been gifted with particularly vivid imagery, we must bear 
ad the actual achievements of voung people of eolleve 
nitted to definite tests. In this chanee yroup of ten students 
as we have seen, relying on auditory imagery, was able to 
sixty-four words out of sixty four, while another, by mea 


wsthetic imagery reealled sixty-three words out of sixty 
Remarkable as their performances were, these students wet 
issed in the total experiment by a student who was consciou 
many of us must be even in such a simple experience as ho! 
telephone number in consciousness for a few moments) of 
both auditory and visual imagery. 

The address of the Irish physicist Tyndall on the ‘‘Sev 
Use of the Imagination,’’ delivered before the British Assoc 
1870, gives evidence of the functioning of his own imag 
ind raises a number of questions in reference to the use 
magination in scientific research. He is of the opinion 
explaining sensible phenomena we habitually form mental 

of the ultra-sensible. He holds that the action of the 
Ss periodie, and that the emotions play no ineonsidera 
the intellectual life. Tyndall quotes Sir Benjamin 
oe#lic 


stating that the imagination is both the source of | 


and the instrument of discovery in science. When, howev 


lall says that, with experiment and accurate observation to 


upon, imagination becomes the architect of the theories of ply 
science, he seems to pass from the consideration of imaginat 


the strict sense of the term to the consideration of the spec 
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process involved in the setting up of hypotheses; and, who 
claims that without the exercise of the imagination the concer: 
of force would vanish from our universe and that causal relat 
would disappear, his enthusiasm for his theme has apparently 
dered him oblivious of the distinctions between mental] pr : — 
‘*There is,’’ he proceeds, ‘‘in the human intellect a power 
pansion—I might almost eall it a power of creation—w) 
brought into play by the simple brooding upon faets.’’ Af; 
sample of amateur psychology one is not surprised to hy: 
physicist speaking of a composite and creative power 

reason and imagination are united. Having confused the 

tion with the reason, he invents a tertinm quid that ineludes ; 
both. The example of scientific thought which he gives. eo) 
ing the process of developing analogies between the way 

the surface of a pond, sound waves in water or air, and lig 

in the ether, does not further the differentiation of the imag 

and the reason. He regards as a product of the imaginat 
inference that the people by whom we are surrounded are | 

of reason because they behave as if they were reasonable. 
the world of sense itself, the phenomenal world of t! 
is largely the outcome of things intellectually disc: 
therefore, dependent on the imagination. In short Ty 
parts to the term imagmation the maximum extensio 
minimum intension. 

Francis Galton’s essay on Mental Imagery, 1881, 
antidote for the extreme views of Tyndall. In this ess 
expresses the conviction that scientists as a class ar 
visualizers. When he questioned his friends of the scient 
including Fellows of the Royal Society and members of t! 
Institute, he was amazed to find that few of them could 
themselves things recently seen, such as the breakfast-table 
each had sat a few hours previously. When, however, Galt 
dressed himself to persons whom he met in general society) 
tained results altogether different. Girls, boys, women, 
men, could reeall sights like the morning’s breakfast-table 


photographie vividness and in their appropriate coloring 
lumination. The power to visualize is more marked in the f 
sex than in the male and is somewhat more active in ado! 
boys than in men. A study of the drawings of the Bushn 
South Africa and of the remains of prehistoric art indicates t 
the visual imagery of primitive man may be of an almost 


einatory vividness. 
Convineed, by his systematic investigation of the com; 
dearth of visual imagery among men of science, Galton 
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the conclusion that habits of highly generalized and abstract 
thought, the pursuit of language and book learning, are antagon 
‘stie to the faculty of perceiving mental pictures. He admits, how 
ever, that there are instances in which persons see mentally in 
print every word uttered in a conversation or an address, and that 
the highest minds are probably those in which visualization is not 
ost but is held as a rule in abeyance, ready for use on suitable 
eecasions. In fact, in later studies he records the remarkable 
visualizing powers of men like Professor Schuster, Flinders, Petrie, 
ind the Rev. George Henslow, botanist. Mr. Henslow reeoenized 
that visual images, which he could summon at will, differed from 
the original perceptions, and that they were dynamic, undergoing 
changes, in many cases due to a suggestiveness, in the image 
something else. At times the images oscillated or rotat: | 

plexing manner. 

Karl Pearson in ‘‘The Grammar of Scienee,’” 1911. resembles 
Tyndall rather than Galton and James as regards the scope and 
range he ascribes to the activity of the imagination. According to 
Pearson the discovery of law is the peculiar function of the creative 
magination. He declares that the man with no imagination may 
eollect facts, but that he can not make great discoveries. After an 

aborate classification of such facts has been made and er 
tions and sequences carefully traced, the next stage in the process 
f scientific investigation is the exercise of the imagination. Pear 
son, however, insists that it is the disciplined imagination (com 
parable, no doubt, with Tyndall’s composite and creative power in 


which reason and imagination are united) that has been at the 


bottom of all great scientific discoveries. He also admits that the 


+ 


sification of facts is often largely guided by the imagination 
as well as by the reason. At the same time he maintains that all 
great scientists have, in a certain sense, been great artists, and by 
eseribing a work of art as concentrating into a simple formula a 
wide range of human emotions and feelings, he attempts to bring 
the products of artistic creation into line with scientifie laws. It is 
vident that Pearson, while emphasizing the importance in researeh 
of the creative imagination, has not contributed sub 
analysis and differentiation. 

Reserving for later consideration the complex mental processes 
so boldly broached by Tyndall and Pearson, let us glanee, in the 
spirit of Galton and James, at some of the evidence concerning the 
employment of imagery by the scientific discoverer. 

Dalton seems to have relied on visual imagery; 
remarked by others, his mind was of a corpuscular turn. In the 
early stages of his meteorological work he thought of aqueous vapor 
as made up of minute droplets diffused among the gases of the at 
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mosphere. To the particles of these gases he ascribed 
nite form, and represented by diagram his idea of the consti; 
of the air. About 1803 Dalton began to picture atoms as oj 


i 


ferent sizes. He formed visual images of molecules of nitri: 
and nitrous oxide. of earbon monoxide and earbon dio: 
ethylene and ethane. In his laboratory note-book duri) 
autumn of 1803 he made entry of his symbols for hydroge; 
oxygen (©), nitrogen (@), carbon (@), sulphur 

eral of their compounds, as (© @), (DO), (QO @O), (M 
Dalton could not accept with equanimity the less graphic ; 


representing chemical elements and compounds. As late 


he wrote: ‘‘Berzelius’s symbols are horrifying: a young 


in chemistry might as soon learn Hebrew as make | 
quainted with them. They appear like a chaos of atoms 
and to equally perplex the adepts of science, to disc 
learner, as well as to cloud the beanty and simplicity of t} 
Theory.’’ Would the development of modern chemistry h 
ceeded more rapidly if the symbols of Dalton, which app 
imaginative thinker, had triumphed over the symbols of B 
which appeal to the conceptual thinker? 

Kekulé has left an intimate’ record, worth reproduce 
extenso, of his own experience as a scientific discoverer. 


Genius has been spoken of, and the Benzene Theory has lb 
a work of genius. I have often asked myself what, exactly, is ge. 
does it consist? It is said that genius recognizes the truth witho 
the proof of it. I do not doubt that from the most remote tiny 
has been entertained. ‘‘Would Pythagoras have sacrificed a | 
had not known-his famous proposition till he found proof?’’ 

It is also said that genius thinks by leaps and bounds. ‘ 
waking mind does not so think. That is not granted to it. Perhaps 
be of interest to you if I should place before you some highly indise: 
ments as to how I arrived at certain ideas of mine. During my stay 
don, I lived for a long time in Clapham Road in the vicinity of the © 
My evenings, however, I spent with my friend Hugo Miiller at Islingt 
opposite end of the metropolis. We used to talk of all sorts of things 
however, of our beloved chemistry. One beautiful summer evening 


#1) 


riding on the last omnibus through the deserted streets usually so filled 


+ 


life. I rode as usual on the outside of the omnibus. I fell into 
Atoms flitted before my eyes. I had always seen them in movement 
little beings, but I had never before succeeded in perceiving their n 
moving. That evening, however, I saw that frequently two s1 
were coupled together, that larger ones seized the two smaller ones 
larger ones held fast three and even four of the smaller ones and 
whirled around in a bewildering dance. I saw how the larger atoms ! 
a row and one dragged along stil! smaller ones at the ends of the chain 
what Kopp, my revered teacher and friend, describes so charming! 


, 


2 Berichte der deutschen chemischen Gesellschaft, 1890, pages 
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‘Molecularwelt’’; but I saw it leng before him. The ery 


Clapham Road,’’ waked me from my revery; but I spent a pa 
ting down sketches of these dream pictures. Thus arose 
eory. 

It was very much the same with the Benzene Theory. During my 
nt, Belgium, I oceupied pleasant ba helor quar in the main street 
1. however, was in a narrow alleyway and had during the day time no 
For a chemist who spends the hours of daylight in the laboratory this 
, disadvantage. I was sitting there engaged in writing my text-book; 
wasn’t going very well; my mind was on other things. I turned my 


aT 


hair toward the fireplace and sank into a doze. Again the atoms were flitting 
ve my eyes. Smaller groups now kept modestly in the background. My 
l’s ve, sharpened by repeated visions of a similar sort, now distinguished 
urger structures of varying forms. Long rows frequently close together, 
, movement, winding and turning like serpents! And see! What was tha 
me of the serpents seized its own tail and the form whirled mockingly b 
S I eame awake like a flash of lightning This time also T spent 
remainder of the night working out the consequences of the hypothesis 


ve learn to dream, gentlemen, then we shall perhaps find truth 
‘*To him who forgoes thought, 
Truth seems to come unsought; 
He gets it without labor.’’ 


We must take care, however, not to publish our dreams before submitting 


life fill the 


them to proof by the waking mind. ‘‘Countless germs of mental 


‘ 


space but only in a few rare minds do they find soil for their de 

mt: in them the idea, of which no one knows whence it came, | as 

tive process.’’ As I have told you before, at certain times certain ideas ar 
We hear now from Liebig that the germs of ideas are like the 

illi which fill the atmosphere. Why did the germs of the Stru 


es of Dae 


tural and Benzene ideas, which have been in the air for a period of twenty 
? 


irs, find a soil particularly favorable to their development in y he 


Kekulé thought that the answer to his own question lay partly 
n the effect of his early study of architecture, which had imparted 
to his mind an irresistible need of sensory presentation. He could 
not rest satisfied with an explanation of chemical phenomena unless 
he could support it by means of definite visual imagery. 

Kekulé’s account of the functioning of his imagination seems to 
stand as a unique confession in the records of scientific discovery. 
The history of literary composition affords us, however, numerous 
parallels. Professor Dilthey of Berlin has gathered some of these 
together under the suggestive title ‘‘Poetic Imagination and In 
sanity.”’ Some literary men, like Seribe, are gifted with vivid 
isual imagery, others, like Legouvé, are dependent for their sue- 
cess On auditory images. Scott, Victor Hugo, and Browning seem 
to belong to the motor type. There is evidence in the case of 
Flaubert, as well as in that of Zola, that literary imagination may 
derive its data from the chemical senses. An analysis of the 
writings of poets like Marston and Helen Keller, defective in sight, 
in hearing, or in both, is of particular value in the study of literary 
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imagination. Artistic creation in general employs imagery 
to preserve or enhance sensory experiences and to convey to ot} 
the moods of the artist. , 

Is there any class of human being in whom the jmagi; ’ 


sa 


IN Order 


is more held in control, more disciplined, more subordinated + 
reason, than it is in the adult scientist? All the psychie proe 
including instinct and inspiration (which has been described 


Spy 


sort of unconscious imagination), are means of establishing yo! | 
relationships with men and things, and it is by no means surpris 
ing that the scientific discoverer, who grapples with difficult pr 
lems of adjustment, should bring the finest powers of the pr 
into play. The history of science assures us that the er 
imagination is not the monopoly of the painter, sculptor 
philosopher, or theologian. 

Special investigations of the mental characteristics o 
Newton, Davy, Faraday, Claude Bernard, Ehrlich, Weisn 


others must be undertaken before an adequate psycho! 


scientific discovery can be formulated. The nature of 
each science, as well as the mental make-up of the indi 
coverers must be made the subject of rigid investigation. 
pupil Van ’t Hoff, who at the age of twenty-two wrote 
tials of La Chimie dans l’ Espace, seems to have shared 
imagination of his master. For Kolbe the idea that tl 
ment of atoms in molecules could be determined appear 
as fantastic as a belief in witchcraft or spiritualism. Bb 
was not less disdainful concerning Wurtz, the teacher of Va 
and Le Bel. When some friend told Berthelot not to 
atomie theory too seriously, atoms having no objective 
Berthelot growled: ‘‘Wurtz has seen them!”’ 


The imagination, predominant in one type of scientific 


coverer and restrained or suppressed in other types, is at best « 
one phase of creative thought. 
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THE SHORTHAND ALPHABET AND THE 
REFORMING OF LANGUAGE 


By DANIEL WOLFORD LA RUE 


EAST STROUDSBURG STATE NORMAL SCHOOI 


VERY writer of shorthand—and there are now legions of 
| them—must have wished, not only that others could write 
with as much ease and rapidity as himself, but also that there eould 


be as short and accurate a system of printing as he has of writing 


Why should we not make use of the shorthand alphabet not only 


for short writing, but also for short printing (either by hand or 


press), and a short, direct means to the correct pronunciation of 
new words? 

Isaac Pitman, who invented the system of shorthand now most 
generally used among English speaking peoples, entertained this 
idea, and approved it, but never applied it. This paper presents 
an original plan for adapting the shorthand alphabet to printing, 
summarizes the results of an experiment in teaching children to 
read matter printed in this new form, and points out the tremen 
dous educational and social advantages that would aecrue if this 
new type of paper-language were in general use. 

According to Isaac Pitman’s analysis, there are forty sounds 
in the English language, twenty-four consonants, twelve simple 
vowels, and four diphthongs, or double vowels. Adopting (sub 
stantially) the Pitmanie symbols, we may represent these sounds 
as below. 


CONSONANTS VOWELS (SINGLE 


p as in pop (The vertical line is not a part of 
b as in bob the vowel symbol, but is used to rep 


t as in tat resent any consonant stroke. A vowel 


; , symbol, as a heavy or light y 
a as in aia ) is a heavy <« light dot, 
stands for different sounds according 


ch as in church E or 
to its position. ) 


j as in judge 
—- k as in kick a as in pa 
—= g as in gig = a as in may 
e as in we 


_= f as in fife 


A= v as in vivid = a as in all 
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th as in thick 


th as in that 


8 as in sit 
Z as in Zoo 


sh as in ship i as in is 


zh zZ as in O aS in not 
m as in mum 


n a8 In noon us in good 


ny as in sing 
DIPHTHONGS (Do 


1 us in lily 


r as in rare i as in lie 


w as in will oi as in boil 


y as in yes ou as in fe 


h as in hay eu as in 


n 

This gives us a perfect alphabet, neither redunda 
fective. 

In writing shorthand, the consonant characters of 
phrase are joined together, and the vowels are placed 
relation to the consonant strokes, that is, at the beginni 
or end of them. The vowel sign has a different sound a 
its position. The plan here presented for adapting 
to printing introduces two variations: the consonants are | 
joined; and the vowels are placed, not at the beginning 
or end of consonant strokes, but in high, middle, or low 
with regard to the line of print. This adapted alphabet 
matter printed in it, will be referred to as Fonoline. 

An illustration will make the matter thoroughly clear 
1, which presents three charts used in teaching fonolin 
dren, shows the symbols used in the fonoline alphabet 
appearance of words printed in fonoline. 

Although various experiments have been made in teac 
ing by means of a phonetie alphabet, it appeared worth 
teach a group of beginners to read fonoline, partly to 
degree of effort necessary to learn it, partly to discove1 
there would be any difficulty in passing from fonoli 
English. Should we as a race ever wish to change our 
(as the Chinese are doing), this latter question would 
become very important. 


Accordingly, fonoline was taught to a group of twelv 


pils in a first grade, whose Stanford-Binet intelligence quoti 
ranged from 75 to 127, with a median of 87.5. In physique 
power of application, they were probably somewhat below 


»+ 


5 





Mrs 
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violet 
vVieit 
voice 
very 
JU rY have 
hive 
five 
ge. They were taught, in the East Stroudsburg State Normal 
ng School, by two cadet teachers and myself, no one of us 
ever before taught a child to read. There was some diffi 
also in procuring the necessary type and other materials 
keeping the experiment going.’ 


\t the end of a month (spending a little over an hour a day 


the subject), twenty-three sounds had been introduced, and 


pupils were attacking new words with fair success. A week 
the brighter pupils were separated from the rest and began 


eporting this experiment, I wish to make acknowledg 
financial aid by means of which it was promoted fro: 

Association for the Advancement of Science. 

Acknowledgment of substantial assistance of a different 

La Rue, without whose help the necessary reading 

deen composed, illustrated and printed. 


~. ‘ 
ig 
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reading such stories as ‘‘The Little Red Hen’”’ 

the teacher. At the close of eleven weeks, our ad) 
learned all the symbols, had read about one hund 
of the Fonoline Primer, and could readily master 
any new word of not more than five or six symbols 
or six sounds when spoken), unless it involved som 


culty. As few words in the first grade vocabulary 





Tn CAT AND ink MOUSE 
: a oe ‘ oat 


A wee mouse was eating. 


e. —,) c*) = 
A cat saw her. 
—"| ~ p77 


The cat said, 


“I must have that mouse.” 
~-)| (| cal 


Then away she went. 


Fig. 2. Showing fonoline used interlineally to aid in the introd 
English. The words that have no fonoline beneath them ha 


mastered by the pupils before reaching this stor) 
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t best to pass from this grade of attainment 
h-e English. At the end of fifteen weeks. the 
eontaining, it will be remembered. som: 

ng covered all their symbols and read ove} 
the Primer, proceeded to the study of a-b- 
from fonoline to ordinary English introduced 
oblems except those which are always 
of reading in English. and we of cour 
phonetic alphabet to aid in the mastery of 
lly unphonetic one. The first means 
terlinear printing, placing the a-b-e Eng 
sponding fonoline Just helow as a key 
n the figure. As soon as a word had 
a few times, it was left without the 
beneath it, whereupon the pupil eit 
is forced to go back and find it where it h: 
the close of the year, our pupils had aecomp! 
able to judge, substantially the same amount 
English, after spending the first ten or fiftee) 
eading. as they would have done had t} ev spent 
b-e English; that is, their achievements were 
of preceding classes, the time devoted to 
nehanged. Our advaneed class wol the spe 
of the State examiner, who had no knowleda 
id been taught. 
e inelined to believe that fonoline forms a wood 
b-e English, and that if it could replace the usual systen 
tical marking, time would ultimately be gained throug] 
We consider it quite safe to assert that if a pup | of ave 
gence and application were given a vear of 
fonoline especially if there were devoted to 
rs per day commonly assigned to it in our city schools 
a pupil would then be able to read anything (printed in that 
habet) which he was capable of understanding. Beyond re 
ews, no further work in reading would be necessary for one so 
ght except to train him in the apt expression of those thoughts 
feelings which would come to him with maturity. And he 


] 


not only know how to read: he would be able to find in the 


noline dietionary any ordinary word that he could pronounce 


Further, he eould ‘‘spell,’’ both orally and in writing (fonoline 


haracters) any word that he could turn his tongue to. 
Let us now give our attention to the educational and social 
vantages that would be ours if such an alphabet as fonoline 


brought into common use. Let us keep in mind, too, that 
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fonoline is advantageous beyond any other phoneti 
it bears a unique relation to Pitmaniec shorthand. ¢} 
and efficient means yet devised by the human bra 
thoughts down through hand and pen and so ree 
paper. 

First, then, does fonoline present an alphabet w) 
represents the sounds of spoken English? We 
matter admirably by quotations from Max Mull 
like in Mr. Pitman’s system of spelling is exact], 
has been found fault with by others, namely, that h 
tempt to refine too much, and to express in writing 
shades of pronunciation, which may be of the 
to the student of acoustics, or of phonetics, as app! 
of living dialects, but which, for practical as well 
philological purposes, must be entirely ignored 
the large number of sounds, for instance, which 
logued from the various English dialects, those on] 


nized as constituent elements of the lancuage v} 


5 
| t ) 


their difference from each other convey a diffe 

Of such pregnant and thought-conveying vowels 

no more than twelve. Whatever the minor shades of 

in English dialects may be, they do not enrich tl 

such : that is. they do not enable the speaker to col 

shades of thought than the twelve typical single 

If | have spoken strongly in support of Mr. Pit 
chiefly because it has been tested si 

stood the test well. 

Next, if the number of our characters is cor! 
satisfactory? As to the advantages of simplicity, per! 
of Broeca and Sulzer can be accepted as authoritat 
vestigators concluded that both our letters and the v 
they are composed would be more easily recognized 
read if they were simplified in form. ‘* Practically 
‘‘the recognition of a letter demands an expendit 
that is greater as its form is more complex. Thus 
a T, or an L more easily than an E ora B. From 


of speed of reading and also of the cerebral fatig 
act it would be better to employ simpler letters tha: 
used. We have thus been led to seek the least comp 


tt 


forms, and we have concluded that, for capital lk 
those shown in Figure 3. For the small letters 

2 From an article in the Fortnightly Review ot 
The Life of Sir Isaac Pitman, by Alfred Baker, p. 206 
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G®@aoeo 


Showing the simple capitals proposed | here ~ 


~ 


ss, and two positions with respect to the line. the solu 


TW S1Z¢ 


iN /\ stats 
If Typjyeanu 


I Simplified small letters proposed by Bri S 

We do not wish here to go farther into this question and ask 
whether it would be worth while to change our present alphabet 
but we desire only to point out that these characters, derived from 


e Phenician alphabet, are not scientifically as perfect as could 





y 


| T ] 
Lettres! nee | |Lewres Valeur 


a l 





6 MOwn~<“.w poiwrk 


g,gh 


} 

| | 

b, bh | 
| 


d,dh 





h dour, é 





ou,Vvw 


z 











| 


<x ww 





| 
| 
= 


Fie. 5. Alteration of modern from ancient letter 
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be wished. A glance at Figure 5 shows that 
made in transforming the old alphabet into 
being simplifications. ’’ 

So far as capitals are concerned, whether simplit 
should be dropped altogether. In the teaching 
omitted them and never missed them. Further. w 
barrassed by them, as every teacher of primary 
they appeared in the a-b-e English. The Germans 
complex capitals lavishly, to the exasperation of the 
ing for myself). The French tendency is bette: 
as much as possible. Neither the writer nor the r 
hand commonly misses capitals or wishes for then 
make him trouble. Had we grown accustomed fro) 
to the use of small letters only, we should then have } 
attitude toward capitals, namely, that they are a useless 
sive luxury ; and we should have rejected at once any p 
they should be introduced into our language. As 
ought to welcome the possibility of further simplify 
bet by reducing it from fifty-two characters to forty 

A further question of interest is, do words printed 
have sufficient character and individuality to insure 
recognition in rapid reading? Students of the psychology 
ing seem to agree that glance recognition, as we may 
pends chiefly on the length of a word, on its consonants 
those that are so tall as to stick up above the general 
word, and on its first letter or letters, which, as they st: 
serve as a kind of key to the part that follows. It is e\ 
words would have characteristic lengths and first-lette: 
matter what alphabet were used. The great importa 
consonants in furnishing the skeletons of words and so 
characteristic shape must long have been felt, even if 
sciously reasoned out; for the Hebrews, centuries ag: 
vowels out of their words and still found them, for th 
easily legible. The modern writer of Hebrew either 
vowels or omits them, as he pleases. So does the writ 
manie shorthand. When writing under speed, he puts 
occasional key vowel, yet finds his writing easily reada 


joined consonants of a word form an ‘‘outline’’ which 
his mind instantaneously when he hears that word prono' 
which he recognizes at once when he sees it on paper 

I venture to assert that this advantage is carried 0\ 


nar 


’ This report was published in La Nature, Paris, February 
quotation and figures given above are taken from a translati 
The Literary Digest of March 12, 1904. 
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nto matter printed in fonoline. The rapid 
vely by context, as such readers always are, wo 
taking on such a characteristic consonantal shape 
little use for the vowels. The consonants would 
nass of the average word, and in the great bulk of cases 
ude either above or below their adjacent vowels Yet 
ere doubt in any ease, as there might be when two words 
the same consonants in the same order. the vowels woul 
vive their voice and settle the matter. But to vowels 
we should apply a rule in contrast with that which we 
-hildren : the vowels should be heard and not seen t 
isly. 
should prove desirable to indicate the accent 
be accomplished by any of several simple methods, and 
ner which would eause printers no difficulty 
is now consider, but very briefly, how and how much we 
| shorten and enrich the work of the elementary school 


rh the use of fonoline. 


t 


Learning to read would become so easy that many children 
ld learn at home. (One of our pupils retaught a part of her 
e lessons to her little brother.) At any rate, independent 
ling, on the part of the average child, would begin before he 
spent more than a few weeks in school; and he could then 
lvanee, by silent reading, at his own pace, taking up one form 
terature after another as fast as he was able to appreciate it. 
[he subject of spelling would disappear from our programs of 
lv, leaving the time now devoted to it to be turned to some 
seful purpose. Like the Italians and the Spaniards, we should 
have no spelling books in our schools. 
The use of the dictionary would never have to be taught as at 
esent; for since, with a phonetic alphabet, the pronouncing of 
vord is equivalent to the spelling of it, one could readily find 
i¢ fonoline dictionary any word that he could pronounce. 
only could any one master his own language quickly, but when 
foreign tongues were undertaken, he could use what would then be 
s native alphabet as an aid to the mastery of them also. A 


phonetic transeription’’ would cease to be in any way formidable 


d would beeome wholly a help if one could indicate the pro 


inciation of strange-looking foreign words by using the familiar 
characters of his own alphabet. An enterprising and scholarly 
mimister, father of one of our pupils, made use of her knowledge 
fonoline to introduce her to Hebrew, in which language he was 
anxious to give her an early start. Pitman’s shorthand has been 


apte 


d to twenty-one foreign languages, including Latin, and 
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also to Esperanto. Should any peculiar sound of 
require a new symbol, then, it would very likely bx 
Indeed, | do not consider it too wild a dream to 
Pitmanic shorthand alphabet may some day serve 
alphabet for all the languages of the earth. I leave ot} 
the various results of this, and will here only remark 
consider it a very long step toward a universal lang 
which, while suppressing no language, would very | 
presery ing the best elements of all. 

In the subject of writing, fonoline, through its r 
hand, would secure advantages which no phonetic 
related to ‘‘the winged art’’ could gain for us. 
we teach our pupils four different forms for eac] 
six letters; these are the printed small and eapita 
corresponding written forms. Of course, these 
sometimes similar, as in the case of the letter 
are quite at variance, as with d, e, g, and /. Wit} 


all this extra and useless learning, together with th: 


of writing as we now know it, would drop out of exist 


+ 


as well as I can from the very limited amount of 
which was done by our experimental class, I sho 
pupils were given a regular daily period of sue} 
could by the end of the first vear in school writ: 
pressed in the words of the usual first grade vocab 
they would be likely to utter. With a very mode: 
practice as compared with what is necessary for 
ordinary writing, they could write at least as fast 
the longhand, and probably considerably faster. 
vantages of position and movement also, which 
nearly to that which is naturally adopted by voung 
pupils of low mentality, this might be the limit of att 
For those who were ordinarily bright of mind 
learning, however, it would be but a small beg 
fonoline the learner could pass, by the gradual and 
tion of shorthand principles, to shorthand itself 
accomplished by such means as the joining of 
wherever convenient, and the introduction of 
so familiar to the writer of phonography, such 
the hooks at the beginnings and endings of strokes 
viated signs for our most common words could als 
signs which would soon enable the pupil to write 
kind of shorthand, more than fifty per cent., of all 
he ordinarily used. 


; 


If such a course as I have described were preceded 
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fonoline reading and il we Gave to 


time which is now devoted to writing 


pupils would then be able to writs 
ist as they now can with our cumbersom: 
or even greater legibility. 
life outside of sehool there would 


ne of the language, i) tvpew! Y and 


the feeble-minded, in the problem of American 


ss toward a universal language, and in many othe) 
greatest argument, least appreciated becaus 

ate. lies, perhaps, in another direction It 
alphabet, as we may eall it. would make mank 


whtful and more social. The mathematician co 
progress he has in dealing with number 
not invented a shorthand method of express 
th them. The physicist and the chemist have 
What scientist does not Is not this one of the 
atures of the modern use of symbols. to conecentrat 
of meaning in such brief form that we ean hold 
of consciousness, reason with it in every wa\ 


t of thought work But of this arcument we ear 


an a suggestion. 


Had such an alphabet as fonoline been in commo 


+ 


of a century or so, no argument to return to o 


| cumbersome methods would be heeded for a moment 
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WANT WATER 


seuson 
our bo 


compose d 


most abundant, 

te mpe red ot 

s slowe 0 cool ind, 

more interest just now, 

o heat this ther 

servation of water, otherwise 
is its specie heat, that keeps meal ind 
regar lless of the weather 00 much 

e within the nar ‘ts too litth 

degrees Fahrenheit, ‘he regulation 


it requires a delicate adjustment the various fluids 


the mechanism to maintain that nicely adjusted as 
perature as Vv roam from the emperature. But both 
iator to the pole, or as the climates upon an ibundant 
these regions alternately roam An excess ean be 
r those of us who live in the north but a defici« ney 
temperate zon ery \ pound of 
It is water that keeps all parts of about what the body 
body at the same temperature in ture in its internal labo 
weathers by circulation, and then the hydrogen of the 
hot weather like this reduces the oxygen of the 
temperature by evaporation So as arly enough to rm 
nan on a pleasure excursion has mobilist cools down 
put a bill into his pocket from eylinder by wrapping 
me to time to compensate for the and keeping this in r 
imperceptibly evaporated in | We also are propelled 
ill change, so we require frequent | using food as fuel in 
owes of water to keep up wit! way and we 
increasing retail outgo The prevent overheating 
4 


In summer time 1s a steam en to evaporate the water to 


, constantly taking advantage of cooling effect and tl 


e of exchange between us up. to make n 


us stranded 
is twice blessed. It Our thirst is 
essing as it comes and as the salt that 
And the latter is the greater, the water that has 
ire not so grateful for a of homesickness 
ppreciate the coolness of a for an ancestral habitat 


. but it does. 1 Anadvomens 
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ror 
being 


ym lolo 


neograph, cineoscope, 


leetroscope, Kinema, 


inematograph, kinet 


adopted 


people they ** the to how lé | rt 


fest themselves 


It is not a gre: name, 


r than some at least of we can knov 


consider what 


ad of trving to load the he wished 


implying into thinking 


with a name 
| been invented in Athens of spirit power, 


its godfathers had given we have unfortun 


“table convenient name of of information 
two syllables like ‘‘volt,’’ would 


or ‘‘velox,’’ much of this would he us¢ 


he lmpose 


might have been saved. chief characteristics 
many millions of dollars, lent manifestations 


me, barrels of ink and Darkness 





EDMOND PERIER 


In whose death France loses a distinguished zoological 


who was director of the Paris Museum of Natural Hist 


in the official dress of members of the Paris Acade 
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